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The object of this worg Ls the compilation of @11 the available 
data on the action of phoscone on man and the laboratory animals, his 
includes data obtained in the laboratory and in the Tield, Tho inform tion 


only @ part of the Uritish and Frengh work ig here represented, 


Tho first part of this report deala with laboratory tests while 
the second part is a Gampilation af tho various field tests conducted by 
the americans and British On phosgene and mixtures, 


Phosgena has besn dasigrated ag CU, €-52, D-Starr, carbonyl chiorid, 
orbon oxychloride, collongite, kb=8, Las, 


4 glossary of patholocical terms, together with a discussion 
of methods of obtaining Goncentrations and otnar toxisologicsl] methods 
referred to in this report iz given in 8.i.GD,. 105, 


ke  SYMMOMMPOLOGY OF PHOSOZNG POISORIM s 


 Phosgens acts as & respiratory irritant, penetrating to the 
terminal air cells of tho lumgs. The symptoms which arise are those 
chiefly due to want of oxygen dus to impaired functioning of the air cells. 
In addition, there is laohrymatiou, salivation and nasal disclmrge. After 
exposure, tha simsll of the gas remiins suvjectively for severe! hours. 


The symptoms noted upon exposure to low concentrations are: 


Irritation of the respiratory pSesages, soughing, dyspnoea, constriction 
af the chest and lachrymtion. ‘these symptoms later decrease and dis- 


appear. 


Exposure to high concentrations usmilly produces rapid, shallav 
and labored breathing, durning pain in the ohest, nausea, retouing and 
Youiting. This is followed by heedso's and asphyxi3l symptoms (respire~ 
tory paroxyams ending with esceing and frothy mucous from the mouth. 

Thare may be extrem restlessness and anriaty or semi~coma and delirium, 
To. blood shows an increase in haemoglobin, due to increased concentration 
of red corpascies. Jeray examinations shows dilatation of the right 

hear te Broncho~pneumonia frequently occurs: on the fourth or fifth day 
due to scoandary infection, This is accompanied by inareased fever and 
@ purulent sputm, 


Tho g43 hos & curious chartctorigtic efrect upon the taste, 
causing the odor of tobacco smoxa to be Yery unpleasant. 


Ong of two common types of symptoms are frequontly exhibited , 
in cases of phos:-ene poisaning. ‘Tmo predoninant type is charactoristic | 
by an ashen ;Ailor; the tips are leaden colored; rYrespirétion is rapid 
an: shallow with indicstions of intense oedema of the lungs; coughing 
is frequont; the pulse is 150-140 per minute, wear and rumy; and 
iymaersi eolicpss Tollovse In the other typo txere is distension of ths 
suncrficial veins ot the fSceo, uees and chaste tho Lips ond tongue are 
bius; brai.tiingsisa daeper anu more repid. Taore my be & cowen With 
expectoration of thin fluiy the pulse is 10¥ per minut, full and witi 
sood tyasione 
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Bymptoms of phosgone polsoning seldom ocaur imwdiately, and 
death may suddenly occu after on interval during which no sign of injury 
Was obcorved. Yory often on inoapasity for exertion exists which is ons 
Qr the most marked efrects or thos Ease. 


The course of the disesse is zero sy dependant wren the 
activity of the patient after boing gaesed, . Exposures to high consentra- 
tions followed by complote rest and plenty of fresh sir have often Jed to 
recovery wheress exposures to lower concentrations followed by exertion 


have often resulted in death 


; Death usually occurs within the first three days and my b 
very sudden, Secondary infection my cause death even efter a month or 


MOT e 


In the case of dogs dying acutely, the temperature rises to a 
miximumn ooincident with the increased blood concentration. The temperature 
then falls suddenly and the animal dics. 


Wien dogs survive the scute period the temperature arises to 
@ mximm but ths fell is slow end it gradually returns to normale 
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le xwasniratory S stems 
Se Unpor Sir passaces. 


Little afrocted, nasal and pharyngeal mucosa moderately hyneraemée,. 


Ee RIM Re gee 


be «© Larynx, 


Hyporaemic, necrosed and exfoliated, mucosa, Fragmantation and 
fracture of muscle fibers, esmotally of po terior cricoarytencids end . 
transverse arytenoi ds. . : 

GO. Praahsa. 


Congestion of blood vessels, dilation of lymphaties, oedema of 
mucosa. Frothy sorous fluid, somotimes bloody. Constriécotian by intra= 
flexion of the posterior seguent whore the cartilages ring is interrupted. | 

a@ Sronohi, 

(1) Large ami mdiw sized. 


Hpithelial lining intect; lumina filled with ruco-purulent 
erudite; inorease in goblet celis. 


{2} S&asll, 


Appear constricted; desqmimetion of ciliated epitheliun: 
a layer or newly formed flattemd Calis; filled with desquamated epi thalial 
cells or ogcasiomlly wi th Ovgnnizing mags of newly formed vascular con= 
nectiva tissucg fibroblastic proliferation in the walls, 


Ge Lungs. 
(1) Death within 2 hours, 


longs small, heavy, purple, airless, water clogged. io 
enphysemm, thin serous fluid, 


(2) Desth in 24 hours, 


Lies voluainows, hoavy, Oodematous; conmested with blood, 
erWece Ulatution oe vessels; Qlvaruathiy excnysena snd Avslectusiss 
frothy serous fiuia with dare blood from ent Siwrrucd; sonctines poteckial 
hzemorrhice on surzaca; terminal air c21i3 filied at ent od L2-20 hows wi ta 
feromflbrinous exudate. 


Similar to first dry deitrs; aeration of lun.-s Greater: less 
fluid; pulmonary oedama recahea mmasinman within rirat 7Z noursg and may 
ultizetely dis aur ar, 


(4) Death in 4 dys. 


Ho fluid dripping fran out surraces beginning of brondio= 
pneumonia and of ten pleurisys; pneumonia may ba associated with necrotization 
of the wills of the bronchioles, with absogss farmation in the alveoli; 
destruction of elastic tisaus; er roore. eee filled with en Cells, 


erythrocytes and polymorphs, 
(5S) Death after 10 asys. 


COP RL Ln, I Ee Te eit 


Sterile pnounontia, 
(a) Pleura. 
Slight fibrous thickenings dilatation of lymphatics. 
(bp) Pleural Cavity, | 7 


Sometimes oonsideradle pleural efrusion wiich may be 
blood stained, 


2, Slood ¥asqular System: 
(a) Hearts 
(1) Changes following gnssing. 
First stage - dilatation 
Second stage = shrinkaps 
Third stase ~- engorgement 
(2) Gross Pathology: 


left ventricle solid, 
Right ventricle - flabby and dilated, muscle yellowish, 


(3) sicroscopic Putholagys 
Cordiac walls; gone degenerntion of fibres; oscasionsl fat 


A@ugless; masclio Libres gramuiw, atrovhte in pleees, hypertrouhic in othors: 
Oode=, and congestion; subendocsrdial nonorriases. 


Pericardium: Vessels dilated; lymphatics distended; 


slight fibrous thickening of pericardiu. 
(b} Blood: : | 


First Stage ~ Incressed volume, dus to influx of fluid from 
the tissues, decrease in solids. ; 


Second Stage - Decreased volume, due to passage of riuia 
from the lungs; incressed in solids and probably inerease in viscosl ty; 
Gecreased oxygen earrying otpacity; thrombosis in lungs and some other 
Or ZaNB~< 

Third Stage ~ Return to norml. 

(oe) Spleens 

Malpighian corpuscles p som atrophic, others hyperplastio, 
pulp distended with red plood cells, lymphooytes, fa% vacuoles mononualears g 
Hemosbderin in pulps excessive normoblasts in spleenic sinuses, sone 
tnoreaa: in Pibroblasts; capsule normle 

Be Alimontery Tracts 
{a} Salivary Glends. 


Larve, clear mucous cells with musleus displaced to side; 
filled with amorphous, shiny, micigenous subs tance. 


(b} Uesophagus. 

Superficial layers af mucous exfoliated into wide lamella; 
in the submiooea, oedema and imbibition causing detechoent from musole; 
difvuse hyperemiae 

(¢) Stoamoh. 
Goris oadema and come stion ar mMcoshe 


{a} dntestines. 


Somy congestion of blovd Yesselse 


( ® ) LIVsze 


Central atrophy and desenoretion of secreting cells; 
vasouler dilatation ana cungestions ; as Sahat 


4.  &xoretory Systems (Zidneys) 
(a) Glomeruls: | 


Albumin precipitated in glomerular capsule, desquamtion of 
epithelial lining of Bowmans Capsule; epithelium somtimes granular and 


hyaline. % 
(db) Zubules: 


Epithsliws swollen and grenular; parenchymatous and fatty 
dagenerationg oocasional hyaline casts. 


(o) Interstitéal tissuoss 
Oademn touse 
56. Glands af internal Beoration: 
$2) Adrenal: 
Normale 
(b} yroids 
Karxed variation in «ize of acini, colloid only in large calls. 
be Syess 
Purulent conjunc tivi tis. 
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Phe 134 
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C, fOXLCLSY, 
Le Mans | 
Oder is perceptible at 0.0044 m./l. - LEED, S; Ph. 4, | 


The lowest concentration detected by mouth, throat er lower 
Freapiratary tracts _ 


Concentration Time of exposure Bub jects Reference 
: rOsi tive 


0.015 | irarice 42 } 6/9 | - BoM. 155 
C.e2E Hot given Not given PeRe Ye220 


Irritation of eyes, nose and throat at 0,044 mre/le HeHeD & 
Ph, 1. 
Maximus goanucentration which oan be breathed without immediate 
distress 0,035 me./l. 45 observers exposed = Ph, 1, 
Irritation of eyes = 0.0354 me/le ~ Ph. 1 
Intense irritation of eyes = 0,442 me/le - Phe lo 


Conjectural fimmres: 
Kinimam effactive concontrations 


Concsentration Tim of éxvosures Rof erence 
we Mg, 
ee Zl 05 Pe 1 | 


0.88 5.9 Plis 1 
0.02208 0.90 HUD § 


2 Lothel Concentrations, 
(a) For Does: 
Mimiory of Data, 


Concontration Tims Hinutes Died/Sxposed Reference 


wees NS AE es arts. tall a age tee meres epee tom ee i eres ee tani auntlieateniaene nei oe rE St aie oie ie ey ere eer age fechantienalin enamide a ee Ae ae . 


e418 1 Hot given Ph, 189 


a & Phe 189 

3 4 a Bok. XX1 Vass 
1.15 705 4/16. te te Os De 102 
Ge B85 12 Kot given Ph, 189 
Oe 29 50 ‘6/8 BoM. X2hll@57 
Oe S10, 36 x0 23/29 © Bee XLKq74 
0.4416 ra Hot given Ph, 189 
0.33 39 H q Bese ALALV ee 85 


0014 12 an Beis XUV @gs 
0.024 RAS /4 Bou, UXLTIR-5 7 


ony 
‘e SS ra 


times of exposure, 


calculated, 


lethal Concentration 


4.42 
2 3 
1-65 
1.80 
1,08 
0.62 
0.46 
0.38 
0.29 
0.17 
0.14 
0.028 


Tha following pointe were taken from a smooth 
curve constructed upon the results obtained by the 4meriaans and the 
Fritish on the lethal concentration af phosgene for.dogs at various 
The time times concentration value has also boon 


Times of Bxoosure fime x Concentration 


nu 


5-5-1). ee 


8 tes x ° 


4042 
4. 70 
4. 96 
5.18 
5.86 
6.22 
6.90 
7655 
8. 70 
10. 20 
16.69 7 
5.76 2 


Conce Died/Exposed Reference 


0.442 
O04 
0.081 
0.163 


(¢) For Rats, 


fing in 4in, 


Hot given Phl 

100% 2.2. TI-a 227 
100% Bele XiXI1957 
100% Ph 77 


Died/seposed Reference 


Hot given OH AAT IaP 4s 
100% Bele XXXL I@57 
100;% Fh 77 
100% Boi. XXXII=57 


(ad) Rabbdites 


Gonsentretion 


at 


0. 77 10 Hot given Ply 1 
0.22 60 foo on 
0,026 $9 8 by ‘Bede SXLI-ST 
0.01 240 . 100% . 
(eo) For Catas 
Concentration Time in Mins Died/Exposed Referer.ce 
i 
4.416 1 Kot given Phe 189 
Ze 208 z = . = Phe 189 
0. 8835 5 < by Ph, 189 
1.6 $s " OsieMse VoleXsII pt. Lil 
0.4416 10 . cd Ph, 189 
0. £208 30 x . Ph, 189 
Oe22 < @) | f Ss Caiio ts YOLeXATI Dp ba III 
0.22 69 et | " LAdDe #3 
0.1635 60 2/8. rh, 77 
(¢) For Goatas 
Concentration Time in Hin. Died/Rxposed Raf erence 
wre? mancqnresvanepe-derere er ipeaiie Ter at ee te Te - \ 
4,416 i Hot given Ph. 189 | 
Be 208 3 " ” Ph. 189 
Zoek $ " " Ceid “Me Vols XXII gp te III 
0.833 1o si a Ph, 189 
0.4415 +s) f 4 Ph, 189 
Oe t4 x “ e Cee NeVOlLe XXII ,p t. Ii 
(gz) For Guinzs Pigst 
Gongentration Ming in idme Dica/uxposed aforonce 


Pyrenean aay amen ener SNE 


Oe5 Hot given 2he 18 
Zed le J " xLe 1893 
e883 3 nt if Ph, 189 
88 3S " eS Cove Se VOle SII 9 *, et 
0.4416 & it id Ph, 189 
O. 2208 10 = * Ph. 1899 
0.0883 20 " it Phe 189 
0.08 30 " n Oe vie UeVOle XKIL phe LiL 
0.073 20 aie Beis XXKIL=57 
0,0912 60 3/5 Phe - 17 
0.02 P40 3/4 B. Me XKKII A597 


(h) For Monmyst 


Conosntration Time in Wine Died/Rxposed Rof erence 
Seve | 
Ze 208 i Hot given .. Ph. 189 
0, 883 3S a. e Ph, i189 
Oe 441 & Y 4 Phe 189 
0.44 re] . ant Qu? oH. vole XXII yn t, Li 
0. 2208 6 q e.. Phe 189 
6.0883 20 g f Phe 189 
0.08 HD g g O, Sm He VOL. RXTE opt, Ii 
O, 041 B40 . Bf2- Bele IXX11967 | 


Te farecoing tables have been compiled from & number 
of sources and figures from different references are not comperablee The 
following notes applyt, to the references given and may afford some idea of 


their valtéde 
Ph, 1893 No inforantion is given on natiae of tests. 


It is not mown whother any attampt was muds to determine ascurately 
a lethel concontrati on. Te reoort was given for the purpose of bringing 
out broad distinctions botwoen animels. The timo of doata is not indicatad. 


Ph 77: Ts time of death was less than & hours. 
1es6 ate experimentcl data. fireo concentrations were used, t00 widely 
yoariant to establish a let:21 concentration. 


Bee XXIV: -862 5 lethal concertration was taken as 
that concentration Which killed 70-807 of the animals within ten GayBe 
Mtn gouree of the duta and mothod of miting the tosts ware not givens 


Delis SvUile5?s Tose are exparimantal datae ‘the tino 
of dosti: Was less tzau 48 how's and the togts were mada in 4 continuous 
flor cuatkber, tio comeantrcation tsing detexmined by axcl ShGe 


Bele VileS)s: fo. Fivevorse given by -urolil ane Ranson 
was docided upon by tuem afte enjorimonts om 25 dotSe ‘0 UISD Worcs used 
at each coccentr: tion. Ho Goiaits of tie work ato givin. 


eves HilIenart Ill: fiz date ars tecen fron on 
amlish report and concontrations arc given ss t.ose which were “recuired 
to FAll at the ceive: tite : 

elle Aas T- tims of doath was less than 48 howr'se 
Tiss3 ats ecperime:til ditae Concentrations were obtzined by scration and 
Getarsinsd by che:vicul amulysis, 


waa So goures of tro data given: is not moore 


moa ee 


eye SS 


| the following symptors wors observed during field tests, 
&nd ono laboratory test which is noted ‘Ths Syaptans may be roughly 
divided into groups, according as they are exhiblied at exsosures which 
caused death, (1) during exposure, (2Z) after exposure but befare eicht 
hours, (3) after eight hours but before fittean days, and (4) those 
fran which the does recovered, In the field tests d@finits conocentra~ 
gions were not known and exposwres lasted thirty minutes, In the 
laboratory test exposures wore for thirty minutes, concentrations between 
0-6 and 1.2 mre /le Causing death before eight hours and concentrations 
between 0.15 and 0.6 mg/l. causing deaths after eizht hours, 


le Dogs dying during Exposures Pot VIlI-A 305 = A 388, 


Syaptoms at concentrations Qcusing death during exnosures 
Thres out of seven dogs exnibited mariod cyanosis in addition to the 
éynotons givon in (3), 


Ke Loss dying before 8 hours: 23.7. VItIed 836 ~ A389, 
f. Vileb) (Luborgtory Experiment) : 
Bee XVILIH90-8 (SU. LIE=7G) 
bs Pa al Ve §5~h 


Symptoms at concentrations causing death before 8 houras 
Fiftzen dogs in field tests shoved rapid and shallow Pesciration, gascinc 
amd coughing, salivation, nasal Gischarse, lachrymation, a3 ression, 
wWechsal rattles, irracular heart action, 


Te 


Six cdoss in lnbaratory test a4 concantrations botywoon 0,5 
ani 1.2 my./l. for toirty minutes exhibited slick lagirjmition, we 
CLcingss, cisuiod swillse. Ho vielent s:rotous wers observed exk Vood tin: 


ae A on , Ye ® 
bd 6.202 <A we 


ce Doss Gying betrecn &@ hours ena 15 @n: 2,2, VIL L#A336 = ANB 
Dede Vitas3 (ic boretory Sxseriment 
Seite HAYILI-90-5 (Bei. Rude 75 ) 


Syaptoms at concentrations Caesing death aftar 8 hours ara 
bofozra 12 dayss seventy doss in fiold tests shovweu daprassion, dyspnocsa, 
Sclivation, oculer imicanation, cowthim., Tete.ing, ranisa and shallos 
brentain;, conjunctivi tis, vonitince 


Rine teen docs in a laboratory $ast at concentrations from 
QelS to 006 mg./l. for thirty minutes shoved lachrymation and rest}essnogs, 
Rine of these died, 


4. Dogs which Yecovereds Pele Villed 386 @ ASS ~~ A 389. 
Beds XXVIL1-90—8 (Bol. XXIX~75 ) 


Syaptoms at a neentrations from which aogs recovered ere 
givons Fourteen dogs classtfied as light casualties showed slight 
lacitrymation, slight nasal discharge, moderate depreasion, coughing, 
difficult breathing, 


Tiree dogs classified as severs casualties showed marked 
depression, muscular woakness, Coular inflemoition, naga discharge, 
couzhing, shtllow end labored respirations 


Bele XiVIII-90-8 (BeMs XX1X75) 
Ph, 8, 44, 46, 194, __ 


L. Langs § 


Too lungs contain serous mtzrial which taxes either 2 
homogensous or grentlar pine stnin. Gedema is present especially in 
subeploural alveoli, In enimals sucotabing in 12-22 devs the alreoli 
Gre small wit: hish eubieal epithelial cells and large monosuolear 
leucocytes. Atelectasis and exphysema ere found. In the ease of 
dogs dying after 10 days, pmewnonta is the direct CINE Oe 


Re Usar ts 


3 Dilatation of the right ventricie is found and Occasion=- 
ally of the left ventricla and euricle but usuclly too Left bart is fir: 
she mmacle is usually pale, occasional Vegetative crarth occurs on tic 
mitral valve ani awoncst tae chordee tendinesa, tno blood vessels 

aro usunlly well injected: thors is am oceisional hosorrhase under thie 
eulocerciim, 


Gilatstion of védsbls {sae bent SA gous phadecesdnci es §3uasréssrgi ges) 
aoohy or hyperthroshy of muscle or presenco of Lat vacuolos. 


ve  Sploen: 


The spleen is slipitly enlerced, ths pulp is distended 
With red tlood cells and nomosiderin fi3 im tho Dub. 


“li = 


EN SR eee nie om, eaten cme 4 mena | 


4. Allngatery Tracts 
Oooastonslly there is a congestion of the mucosa. 


Se LAvars 


Darx brown patches aro found around the hepatic vein 
wale> is alnays engorged; the portal vein is gometimos engorgseds 
Vory rarely neorposis or inflaumetory resction 4s found, 


6. Pari tongal Cavi tys 
No excess fluid but engorgement of vessels is found. 
7 Exeretory System: 


The kidney has eo dark cortex. In animals succrmmbing 
in 5 to 6 days, cloudy swelling, congestion of flomrali, and fatty 
dagsneretion are found, 


6 Puy Slo GY: 


Phoszere at a concontration of 1.48 m./l, was bubbled 
through defibrinated docs blood for five minutog, A definits darxon~ 
ing of the blood was produced in three minutes and at the end af Live 
Hinutos thers was almost cumlete sgclutination of the rad blood cells 
with definite hsemlysis. Usenolysis was comlete in 25 mimtes at 
room temcrstures tag lower concentrutions require longer exs0sures 


t© obtain tha above res its, 
in3 following stices in pulmonzr; oedema are observed; 


(1) ‘Inevressed volum dus to influx o? Fluid, probably 
from tissucs, rosultiny in a docrense o2 the dlovu Solids, (2) reduced 
blcod volwi, due to passaszo of fluid fron blood tg junga, increase in 
blood scilds, dovalopmont of pulmonsr osdemn. (Taego various staces 
aro indicative a? time end dooreo of pwnonry Cumges (6) portiod or 
Yosdjustiuont ~ return to normole 7 


Le AAEXTS t 


The Water oontant increases prosfessivoly in the lungs. 
Tier is no noticeable chance in the water content of the muscle, which 


indicctes that mscle tiesua does not civs w water to the blooa durins 
he Lwy3 oedcite 


Se Byes? 
at bish conzentrations (1 to 5 mte/le) for 1 how intoxse 
Conmetivitis ard Lacie ymotion oceowse io corms is intact, 


oe Bloods 


fhe arterial blood prassure shows a slicht rise about 2 | 
hours after gassing. It then drops to its previous level and is maintal nog 
at this point up to the period of clintosal signs of lung involvemont. | 
at this stase thors is G second rise which terminates in a fall immediately 
before the death of the animl, The venous blood presswre shows little 
variation until just beZore death whan there is oe Slight rise, 


Tho blood volum is wichanged until pulmonary sym.tons ; 
&ppeare At this tim there ig a decided decressa. Tu red blood : 
coll count increases with the volua decrease, : 


thore is first ea decrease in the concentration of the 
bl>0d acoompanied by @ decrease in the chloride and oxcon content. 
éfter this initial doarease thore is a great increase durin? which the 
Cilcride and axygen content return to normal, | 


The coagulation tim: wus 6 to 10 minutes fom hourg after 
ths gassin:. The normal time is usually S to 5 minutes. Ho ohanse 
has baen observed in the alkaline reserve. Ho decresse in fibrinozen 
{s establishads 


be Oedematous Pluidy ; 


Canssrisoi with Plasma: ff. transudete resembles plasm 
Vory uch and dyaph otiil moree It contiing the fumdame::tal elements, | 
Its psroentasgo oF water coarulable albumin, frecsing point, alkalinity, 
pereentazs of ohloridas, phoschates and cholestering saproaeh thet of 
blood. Die nomeprotein nitrogen, wees, amnonia and glucose are high:r 
than in thocnlasmis Th: phosphorus and carbonate content is groater 
tin in tiie blood. 


Oe NET A is 


woor tie Llabaistion of phosseno tuere is c funetisn 
wiGiitocucs du t:io secretion of urine as chown by the Tali of tins 
momioma concentration of wrens Tiis @ron is considrratle in the 
fatal casese fiw uroa exerstion is constantly lower ev tar sevars 
cases Gf ficsing Wiich snows thut the cazecity fox exeretion ms boon 
decvessea, tho c-icridos exoretion rostins wichanced, tre amonia 
excretion ie probavly disturbod. In rotel cases thers is alwors an 
inere.39 ir. acponia and total nitroten, T:is is not the essa afta 


eis# 


Referoancses ¢ 


Bete KiI=76 

BoM. AUIilL-136 | 

MePhe B-29,0 | 

Phe = 46, 75, 97, 114 © typ Yi-b, 

Ze 0-12, -36, W359, S21] & 205... 


(2) Phe 2 
Summary of experiments on ohronts phosgone poisoning. 


Cons. Time of Ex»osurs Result 


ae, A a ue 


4.410 12 LOL ber a. 
42410 12 4 2° 
2, 584 19 
He 205 re 8 ee 8 


Griticissz: nly fom concentrations Wateh werg accuretal# 
known were apstrastea fray this Yeport. Thare 
Were not enouch dogs used at any om con 
centration ar at on time of exz0sure to 
Werrant definite conclusions, tlAeKe 


(2) Ph 189, 
tie times of exsosure hecessary to oroduce vlitimeate 


death sre given as; 


% 


Concontration Tits a’ Exosize 
29 be ne id tes 
e419 1 
Ze D5 5 
0-832 12 
Oe 441 ro‘ @) 


“ots: Those results are giv2u, Blom? witna lLethel corn 
e3ntreticns on otnor oniusls, unly to bring out certain broad dig- 
tinctions boven dirrerent azimcs,. Mey are not final. 

(3) Ce meme acre ne © SL is be Bae 


Concentration required to x11] at stctea timo. 


a 
i : 
~ 


Concentration me 


ee dinutes 
Ze E . af o 


ritioiam: his is an extract from the originel date 
and its precise meaning 4s not clear. He An Ke 


(4) Groesbeck and 1G. Witherspoon, 
E whe C.h #101. 


Tho lethal consentrations ef phosgens for dogs for 
minutes exsosure, 


Conc. Desths in Deaths Dos ths fotal tal 
use /le wi hours be tween - between Deaths Percent 
24-48 bra, 2-10 days Deaths in 

ee 
1652-2012 V2 2 50 

le 58-1043 3/4 V4 4/4 1090 
1.271% 2/5 1/5 Ys. 4/5 80 
1,181.23 2/6 1/6 | Ye 5/6 83 
1,061.15 4/6 4/6 67 
0698-1.05 Ve 7 V2 60 


the letiz] concsutrition of -hoagene for a 1% minute 
exposre on doss fs plooed at 1.1 m./l.e or £75 ppg 


Critic! gris This wars was don corefully and should be 
: &s accurate &s any data availsble, ths aks 


(5) iSller and Bross, 
Vee Sur r|=57, 
~iniznea lethal concentration of phusgone for docs. 


azuosures 2 mitotes. 


“~l/- 


by chanical 


Conc 


entecetion 


Ma / 
fae. 


0.40"0.45 
0. 36=0, 40 
0. S196 38 
0, 27=0. OL 


Tie lethal concentration is taren as 0, 
tairty mimtes exvosures 


Died/Exsosed 


(6) Fe zs Underhill, 


Belle ZL5~74,4 


Toxicity of ?hosgone on Doss. 


Time of Ex osures 30 minutes. 
analysia. 


p Boute Yesths 


- 15 = 


Time of Death 


wa Delayed 


zg Bre /le f or 
and 0.02 mg/l. for four hours exposure, 


Conosntration de terzined 


~ Totcl 


—~ 


(7) Marshsl2 and Henson, 
BMe VII-60, 


Toxicity of phossene on dosSe 


Concentration , | ‘Time of Death 


orvrived 
0.35 Survived 
0.25 St: vived 
0. SL &A. 
0,72 Survived 
0.27 &=- 15 
0.23 Survived 
0, 22 Bim 3 
Oe22 p22 
Oo, 19 survived 
0.15 a= & 
0.12 Survived 
Oel2 Survived 
Oell oe Swrvrivad 


One dog was used in ecch test. 0655 m/l. was tucon 
@3 foo lst.cl concentration for @x 70surg af B moinutese 


Tiree dogs gessed at 00% cui 0d me/le survived, r+ 
tot 0044 m/l. would be @ more rossonuble fimws than 0.% wre /le 
2 leticl soncentratioz, 


S200: 


fort: 


(3) arshalle 
Beilin I-29, 


The ficures piven in this resort of prolininory won: 
ere included in thos 


a 19 « 


(9) Ph i. 
Oo 276 mee/le far 30 minutes exposure is fatel in €8 hours, 


(30) Marsm21 
i BX TT y=86. 


ss Byeliminary report an the Yelation between lethal con= 
 Gentration ano timo of exposure. | 


Concentration fima of Ezgnogure 
a Kin tos 
1.6 S 
0.46 — 15 
0033 |—C«€BA ; 
0.24 120 


Griticism; The source of these figures is not indicated, 
fie letual concentrations are those which kill 
about 80> of the dazs in ten Gayse Hak, 


> be eSEE ete Core ee : 


2 ee — ee 
te oat 5 
ee 
+e 
eee. 


a YP TO2s ; ue Ou YX 


fhere is very littie to be found on the symptomatology 
of mice. Dyspnoea is a cammn manifestation. 


Be ALTE OA. 


(2) Ph I. 
Phe 40, 


(a) Gross Findings: 


On autopsy, mice show accentuated rigor mortis, 
inaieating lack of oxygen in the blood ‘the buccol, pharyngeal and 
leryngotracheal mucous membranes ere hy erage SubepittAéel haemorrhage is 


f ountle 


Tne luncs and bronchi have a variegated aspact, lerga ceop 
mad areas alternating with morml, ‘hey present a bloody surface, 
typersexic on section, and vessels clogged wita blood Tho musosa 
of tho larsce bronchi is detachede © 


In tho trachea tue mucosa is hypsraemic, less inteuse, 
however, than in to larynz; thers $3 constriction by introflexion af tue 
posterior seguont where tis certilags ring is intorrupted. 


{b)  Uterosopoie FPindingse 
The moso pharyrzeal macose is modrately hypersentce 


In the solivary and submaxillary flands, tists are 
larmo, cloar mucous colls wits mucici disnlaced to the side of tie cells; 
tas clands are filled with amorphous s-iny uraoLlazenous suds tomwe 


ue 


I: tas ogspohnarus, superficicl lsyors Or OMCOSS 
tuvam into wide lamellae; tho subdsmcosa is oadomstouse TIntibition 
e-wine detachzonut o7 muscle is found, Mimo t5 ai? ruse hyporconiie 


In tho larynx tzo mucosa is nmecrosed, exfoliated anc 
fiers is a trus necrotic inv’larutione frasmentation of 


wugole is similer to dinnatgjeria . Fibers are fractured transversoly 
in irremular rrgoqnents Witi onds split or Sacgede Te: post crifoarytonoid 


ond te transvarse erytenold muscles ars essecially afleoted probably fro3 


— et om 


4 


(1), MPH 2 
_ , Mios exposed for forty minutes to a concentration 
Of 0.4416 m./l. show no large qaentity of gas (above 1%) absorbed into 
the blocd, 4 large quantity would permansntly destroy the Gelorins | 
matter af the blood, but this ig not the case after gassing with 
Phos sense 


QD To OL Ty, 


(2) Ph lk 
Certain Gasses and vans and their physiological 
effactae 
Concentration Time of Exnocure Effect 
0.442 1-5 Fatal in 24 hours 
0.988 18 : Ind little or no effect 
0.055 15 zs has not fatal, but 
oedema was produced, 
0, 04-4 6 Hey ps fatal in 6 brsg 
Oade-& and comestion 
0.022 ne May be fatal in 43 bys, 
Criticisms No definits decisions arg reachsd. i isk. 
(a) Hiller ana Grogs, 
Bel. XM 57, 
toxicity of phostens on smi] arimiis, 
dime o2 exposure: 2 minutes. 
Concentration Disd/ aamoscu Tiago oF ussta in howg 


t 


Oe2l 5/5 15, 16, 16, 21, 
eld 5/5 15, 16, Zi, A, 
0.15 6/5 46, 16, 15, 4D 6é 
0.125 | 5/5 wh, 48, 43, 72, 129 
O12 0/5 

O. 036 4/5. 45, 48, 43, 96 
0.031 5/5 44, 4), 129, 196, 215 
0.077 2/5 44 

Geers 4/5 45, 48, 49, 72 
e045 Cj - 

0.040 uf pie ks 

0. 034 1/35 $6, £4, B05 

0eVSZ re fey 3i0 


Ve OZ:3 aa mu 22 pas 


A ATE: AN OE ONE few pr ani ee 


The iethal concentration for thirty aluutes exposure Wag 

taken as 0.073 my./1. | 

Gitloism: individual timos Given in the third column 
do not checx wi i. tite date Sliven in the socoud 
colum at 0.0% BEef/le and at 0643 mee /l, Red 


Exposures ¢ Hour ge 


- Oancontration Died/Exp osed fims of death in houry | 
0.029 8/8 18, 16, 18, BR, 40 


0, 020 5/5 18, 18, 72, 72, 72 
0.020 5/5 i8, 18, 18, 18, 15 
0.010 5/6 | 18, 18, 18, 40, 216 
0.008 5/5 48, 48, 48, 192, 192 


moi nina lethal concentration was taxen ag 0.008 me /le 
for <¢ hovrs arposure, 


Criticisms Yorke should have been done at concentrations 
Delay 0.008 m/l. to os tablish this point 
8s the lettal concentration, Hie Ke 


(5S) Pn 77, 
isthal Concentration if @hostang.s 
Exposures 2 hour 


Concentration Died/Axosad 
Sa 
0. 45 3/3 
0616S “fs 
0.021 z 


Criticisz: Date ar2 inswficlert to O03 ilish the le tz2) 
ConuC2utsation esede 


(4) Kun end Cokn, 
Pele diy arlse7. 


Lethal foncerntraticn fo miss at ten uirutes CRIS Ue 


Concentration 


2.5 
1.6 
129 
0.8 

0 7 
0.4 
0.56 
Od 
Oo2 
0015 


Died/azaposed Total percent 
2/S 200 
3/3 300° 
a/s - 300 
3/5 100 
3/3 ep ss) 
3/8 300 
1/8 5S 
0/6 — 00 
1/8 BS 
o/s OO: 


0.4 mge/le is taken es the lothal eoneontra tion of phosgena 


for vite mise at ten sinutes expdsew'e. 


(Ae ee, ROTTEN NO ete tet, oe 


- To NE ITN RI yo ne 


ee ne a ee nee le 


WR ED ET Re 
Phe 58-6 


Slight woasiness, salivation, lachrymation, occasional 
gasping, dyspnoos, retahing, clonic convulsions of hind less and sudden 
collapse. 


Br Pa Toogys 


Fie 53, a 
HeDeDe 4Be 


PE Oe FEE oT PET er eR EERE Stapee on: 


the lungs are ususlly shrimken, fire and of an elastic 
consistency. the wper lobes and alepine portions of tha middle and 
lower lobes are usually dark brorn-red in color with subploural and 
morginal interstitial emphysema. he pleural cavity and pericardim 
my contain free seruie 


2s 1012 y3 
(1) Phe L896 
fog times of exsosure necessary to produce ultimate 
death, are; 
Concentration fins of Bxposurs 
* bRvt2s 
4.426 1/2 
2.208 é 
0.883 5 
0.442 5 
0.221 1d 
0.088 25 


fois 1s proliminar: worse 


| 
ny 
a 


(@) RB. wuntier, | 
| Fhe 58 (Texan fron 4tacher, SXpe Path, Therap, 9,203, = 25), 


Gono: ntration Time of Exposure - 
! oS 
22-08 25 Death in ¢ hours 20 Rinntes 
8.82 24 " 2 # ft 
2 21 5 et ®6 #* gn " 
1.09 z0 Recovered - 2 
0.64 15 Recovered 


Cri tLoign: Only one rat Was wed in each tos te Benzeng 


(3) Ga. xery o Part Ilr, 


Concentration necessary © ki}, 


Concentre tion Tita of “Loogurg 
Xe § 
0.88 5 
0.06 2 


Rat exzosed to a Concentration af oO. 27 MJ. for a 
minute g Stvived 5 hours, 


Crititism, gts 4, Brobatly az apsturaot fron Dr, Bararoftts 


(4) eeypee aid Grosse 


le tind concentrations £o~ Pits with Sxposure oF 3) mdiutes, 


Concentration Died/Exposea Time of death 


OQ. 21 | B/e 16, 16 : 
0.19 2/2 1B ag 
00125 2/2 : 2, 20 

0.120 2/2 16, 16 

0.086 3/4 18, 18, 18 

0.081 2/2 | 16, 16 

0.077 1/2 18 

0.07% gfe | 48, 48 

0. 043 1/2 48 

0.040 2/2 18, 18 

0.0%. 0/2 

0.032 f/2 


Criticisms This report fa very good. Ph isthsl soncen« 
tration for % minutes exposure my be placed et 0.04 Mee /le Ky isk 


Sx.osures Four hours, . 


Soncentretion Died/Rzsosed : Time of deu 


0. 029 2f2 7 16, 16 

0.020 4/4 | 18, 18, 18, 16 
06029 2/2 | 13, 18 

0.010 0/2 : 

0.008 0/4 


Criticisn; «4 concantration $hovld have bean estab disied 
betwoon 6.9] and 0.02 m/l, BL. cs 


42 toad conc ntratiaon o2° pHossene on rays t,. 
Maunber of doatss in 24 now's far ons how efs:usiwre,. 


Goncentretion Lied/axn09e8 
00183 ¥ : 
0.092 


a 

aw) 

ws 
| 


Griticism: The work is too limited to be of much valte. 
—_ The lowest consentration for one hour exposure 
is twise the XK) mime figure reported by 
ite Biller in Beit, AXXLI~-57, | ByAcke 


te ee 


There is very little literature on the symtoms produced 
When rabbits are exposed to phoszona. the only syeptoos noted were 
iachrynation and conjunctivitis. 


ay f 
: 


fhe pathology of rabbits dyin: from phosgene poisoning 
is prastically the sama as that af tiioe and that section should be consul t~ 
ed for this dita, | 


0. yi 


Ze onO a =o a :* a DO-44- 


There ig an early rise in the nueber of red blood oellg 
end the auount of haemoglobin por cubic ccutimeter of blood within a fev 
how's af tor exoosure. this is due to concentration of Wi6 blood~oligenia 
Which persists one to two dayse fhe second stace, becaicary rise, trpe 
polycytuenia may porsist ny Waste | 


Inhalation of phosgem osusges a quick fall in pulmonary 
vontilation and @ notalle diminution in the Oxygen consumption and carbon 
dioxide produstion. this phenomanon lasts Only with the duration of 
inholationg Phore is a quick rall just before death, If the inhalation 
is not fatal, the ventilation returns to its orizinsl levol. the above 
phonomenon is of reflex natura bat not intluonced by .ensral anasstiosia, 
it is caused by ths passage or gas ints the uo er respiratory passage alongs 
aid the intensity 43 eqiml to tuet when inholed in the LISS ElL300 


~ NW ORE ee 


fia felluvint of tas irritants G48 into ts dae Tegvlratory 
CSSSSC GS, Witiout pazsin: Groagn tue wover VessIPatovy vrssarz: aecs not 
cause dictinution of vr .silation, It is e=is an we COnWAry, to eouse 
Si GU milt tion of ts vonthlsti Or eis gagacutation is & 8 rarlox 
rn 


a 
Matwoe art ig not nocosasmp ily acscos2omied by an Bumaantation ot the OXC 1H Se 


s.2 lust phase period or tae enthoortsn Pell of ventilation 
Shi t.0 exXeharn>s ara not usryous Sc2.0kes but correlative with tis es~ 
taviishonnt of a subno: usy Los ious 


(1) Ph, 1. 
Congentration Mims of Sxnosura — Resul ts 
Ue 770 20 Deat in 4 hours 
Oeb20 20 Usually fatil 
Vea 45 me oN ° 
0,221 3 2 
0. x21 60 Yatal . 
00176 Bw Ganerelly not fatar 


Writicism: ‘tho lethal concentrations given dy the 4ritish 
iu Pie 1 and “1. 16% sre considerably higher 


than those obtained in tho U5. Redeie 
(2) Bererofrt 
irDe 139, 


Uda contra tion az use in miuutes. to » oduce wltimate death 


Five /l 


4.416 7=- 10 
2.208 7~ 10 
Oo. 833 19 bad 15 
0.442 vO 
Oiticisa: ieport is nut s.evitic encurhe Be sede 
iS)? Ustetie ST & ste rit, 
Cor contre: tion gine reouited to kill 
ee dae eee eee meee BAAR A ee! Se coor a aentaeiat get argent) 
De&S 15 
Oett w 


Criticism: Data are from Iajlish resorts and are im 
suiiecienrt Tar rylindls sonciusicns, ioe check @ 


(4 } bia Dewte die 


Bio rablite wors axcosed fa: 4) mirntas to 2 concerctration 
Of Geli72 wrref/le Vue dhod in 7 ROW, tie Ot:ce in 5 hours, 


Uriticoism: Ho minimuz lethel concen tration 
Was established. Hws.k, These figures were 
only incidental to the sin feature of the 
report, i4@¢ c&use of acute clegasmia and 
true polycytheemisa. iG#. 


(3) Miller and Gross, 
Bex ea ASL I[{-{57 


Eothod «= Vontinu: us flow. 

Concentration determined by chemical 
analysis. 

Sxposure ~- 30 rinutes. 


Concentration ; Died /xx posed slime of derth 
. in hours 


0.21 ; g/e2 ; 16, 16 
0.19 : 1/2 : 192 

0.15 : 2/2 : 48, =? 
0.123 : 2/2 : 120, 240 
0.120 : 2/2 : 96, 120 
0.086 : 2/4 : 192, 120 
0.081 : 2/2 : 96, 96 
0.077 ; 2/2 : 72, 144 
0.073 : 2/2 : 1200, 48 
0.043 : 1/2 : 144 
0.040 : 2/2 : 148, 192 
0.034 : 2/2 > 96, 216 
0.032 : 2/2 : 72, 120. 
0.025 ; 4/4 : 120,168 96,96 


0.025 me/l. takes ag minimum lethsl concentreticn 
for 2 50 minute exrnosure, 


ma concentretion below 0.025 mg/l 
Should heave teen estehn’ishe: end 
tested... Here ie 


vriticism: 


~- 31 « 


Exposure; 4 Hours 
Coneentration ; Died/exposed :T4 e€ o: death 
1 H a : in houre 

F 
0.029 : 2/2 > 190, 120 
0.020 : 3/4 > 144,24,120 
0.020 : 1/2 ; 7p 
0.010 : 2/2 > 72, 120 
0.008 z 1/4 : 168 


RS a enn egestas retin 
0.010 mg/l. taken as minimum lethal concentration 
for a 4 hour exposure, : 


vriticism: This is a Sonpl*te acaurate report, 


HeaeKe 


(6) Heit eve Se 
th. 66 


0.0736 ug/l. exposure for 1 hour causes denth 
within 24 hours, 


Uritioism: This figure is threa times thst 
esteblished by Miller for 30 minutes 
exposure. H,a.K. 

(7) Ph. 77 

exo0Sure 1 hour, death in 24 hours. 


Voncentreticn : 


me /1 : 
a rt oe a 
0.435 : 3/3 
0.1635 ; 0/3 
0.0918 : 0/3 
“ 32 « 


tn anot 


itish R 


Pert He DD, 


imes thp Sliven in 
Brits ete for 


We meee: 
De ead on 
or! 


~_ aw ors ae 
et 

5 ened 

ed oe eet 
Se emadaatied 


the only 8yaptoms noted in ‘the £¥atlabig titeraturs arg 
Cyandsia, dyspncea. and Petahine, 


: Bh, 40, 58, 77. 
There igs Very little available literature on the pa tho- 
_ «Logy of cats POlsoned by Phosgens, There have been found pulmonary 


| Oodama, inter stitial eiphisena, gorro4od eastriea and duo dena) M008 a 
wi th haemorrbagioe areas, | | 


E.DeD. 58, 


Experiments on wine, 


The acidity of uring trom ca ts 8essed ate concentration 
ar from 0,05 = 2,7 MZe/le Teaches @ maximum on the 4th day after Gassing, 
the return tO normal jis slow, 


the coefficient of Robin falls wmtil the ¢th my, artor 
Which thers is a Slow and recular Tise to normal, 


~ROSgene fives a dtatinotly different Cmrvea for Rldi ty 
of urine than Chlorins or hydrocysnio acld, with Which it wag Comozred , 
Tus sugeysts » bossible mthod of diagnosis, 


PO? Vv 


(z) Ber oro? t, 
Pb. 189, 


COnvgutration axsontre in minutes t9 DP oducag 


_ - a 
26% ra ad 129% é*. vis oe 4 
9 Mes emer! SAG we tamen & were Fee | Oe A A ie ietinay,  rectmtpras 


: 
SBaw bm 


Cri ticten: Ts constant relation between ting and concen= 


tration fey the first fowwy Cncentrations fs 
Very remarkable, Hy Aske 


= Sie 


(2) Ph. 2. 
Report won certain Gases and their physiological effects, 


Concentration Rxpogure Result 
ae Va’ oe serra RODE neersecec eee seme: 7) 
0. 380 10 Fatal in 18 hours 
0, 221 z Urunlly fatal in & hours 
0.110 20 May be fatal in 12 hows 
0. 088 20 Hot fatal 
0.074 p> 0] Hot fatal 
Criticiam: Date ere inenffioient to enable drawing of 
consclusinnne EAK, 
(5) Gove, XXL part 102, 
Ooncentrations required to will at stated time, 
Vonsontration me 
dann ies. 
1.6 5 
0. 22 Z) 
Giticiams this is not Origine] data, Exact meanin: is 
not elear, Rese He 
(4) WDD. & 
Cats exvosed 2 how to concentration of 0.22 ated Within 
12 hours. 


(5) Fie 77. 


Exposure - 1 hour \ 
Deatha in 24 hours. 


Couce:itration Den tig 
pane 20 Se | 
00435 2/3 
0. 164 2/3 
0.092 1/3 
a bate fd 


—_ 
Ree eee ee mete cp 
TENET wae oe are ag: 2 2 ee we ee . . 
oreniae). Sale oo ee ee tee Oe a ey ES Sy Nl ate ptin Le AD ET - ? * : efi + ry 
Ce ‘a ey = "sat a Cet. ee es 
: Deva 3 gt’ . ; ¥ - 5 

rat Se, Ma ORY Taney ie Fe ee ae aA We eee co + wile ti a Se oe 

‘i omar ono at att Fy Bates i _ oad d = 

— ey 54 ‘ee - 6s ek aes 


(6) J.HuE. 36. 


3 inch gh. 1} containi:g 6°O oc. D2hosgzene ex~ 
ploded in ghember of 254 eub. m. capacity, 


Theoretical concentration - 5.25 mg/l, 


Three cats: . : 
#l on floor  —_ @iiea 2+ hours, 
2 lm. from floor « 5 i" 


#3 2m, =* . ~* 6+ " 


~ 36- 


Vili: 26s, 


Ae SYMETONATOLUGY: ‘ 
P.t Vitti, & 338s. ca 


Jachr ymatl ong depression, nasal Giseherge and retching 
were noticed during a field tast, from which tha goats reacvered, 


Be___ PATHOL OGY 


| Shis is covered in a ganeral way in the chapters on the 
pathology of dazs, cates and other laboratory animals, 


Qe PHT OLOY: 
| Ph, 87. 


The dagree of oxyrenation of venous and arterial blood 
in goats gassed with phosgene is shom in tires stozves; arterial and 
venous blood normally oxygenated artarial vlood normally oxygenated, 
Venous blood deficient in oxygan; both arterial énd Yenoug blood defie 
Ciont in oxygen. 


tha onset of poisoning appears net 235 dsfioient oxygena= 
tion af blocd in lures but as inoreased reduction ef blood in capillarfes. 


There fc evilense of obstruction to Gircvlation in the 


Lungse 
Re MXICLTY 3 
(1) PRY 2 
Conoentis tion Expos ws Resul te 
me BL & Winiman fatal aoncentre tian 
1,00 Ks Hot fatal 
O77 40 Fatel in & hours 
0,38 LO Not fetal 


- Prot gr 


an. 3% =O we. 


(2) Bararart, 
Pre 185. 


(5) O.%M. XXILE = part 111, 


Colgan tra tion <tve wequired Jo kil) in stated time 
CN PRN T UTD wpe emneS vanaemne q 
2.2 3 
0.44  & 


Oritiaisms Hot origina data, Rzagt mecnin> not clear, 
: ReEeke 


Te (4) symptomatology, (3B) pathology ani (0) physiology 
sootions aro omitted here @nd on monkeys because of scarcity of data, 


D, TOR JOLT Ys 
(1) Barcroft. 
. + Ph 189, 
Consentration Exposure in minutes to produce ultimate death 
4.416 0.5 
8, 208 1, 
0. 883 Se 
004416 ve 
0. 2208 10. 
0.0883 De 


Criticism: fhe four minute ani twenty minute concentrations 
ere apparently low. He daKe 


(2) GWM. XXII = part tI, 


Coneentra tion Regiwired to kill at stated time 
0. 88 S 
0.06 + 8) 


A guinea pig exposed to & concentration of 0.27 mo/l. 
survived fou how's and thirty mimtes. 


~~ Giticisns oes not state where firures wore obtiincd. 
Mganing £5 not wary clect. Hee Ko 


we SQ = 


sabia 


(8) Miller ana Gross, 
BM, XXII, 


Mathod = continuous flow, 
Concentration determined. by chemical analysis. 
Exposure = 30 minutes. 

- QOonoentration Died/2xposed 


het 


Sime of death in hours 


O. 22 2/2 16,-16 
0.19 2/2 16, ~16 
0. 15 2/2 16,16 
0.125 1/2 6: 

0. 126 2/2 16 ,-16 
0.0868 3/4 18, 18,-38 
0.062 2/2 18, =72 
0.077 2/2 6, 24 
0.073 2 18, ~18 
0.045 0/2 , 

0, 040 0/2 

0.034 0/2 

0.052 0/2 

0,025 0/4 


0,073 m./l. io taken es minim leths] concentration fr o 
0 mnzte exsosure, 


Criticisms Tis is a completes report and apparently 
accu a te. HA Ke 


Bxposures 4 hours, 


Concentration Diod/xposed Time of death in hours 
0.029 2/2 ag, -18 
0, 020 &/4 168, -18, -18 
0.020 0/2 
0.020 0/2 
0. 008 0/4, 


0.020 my./l. is taxen ag minime lethal condentration for 
& & hou exposure. 


Criticism: To be absolutoly CONCLUSLVO, 0002 mze/le 
g10uld be tested avein, HodeoKe 


NF A my ee 8 tm ee ee eee 


[le exposure for ons hour caused death in 12 hrs 
{ ticisms be britiah in Ph, 189 reported the 
— for a 10 mimte SXposuree HAE 
is not given es ths minimus let ; 
Goussutration, ia 


(5) Phe 77. 


Reposure one hour, death in 24 hours, 


Concentration | Di od/Rx pos a 
@ 
® -- eC, 
0.435 | 
0. 1636 xs 
0.0918 vs 
Oxi tict ams ee below 0,09 me/le should have 
&tad to eatabli ) nium 
iethai concentration, sas aaa = 
ae 
={4) = 


é 
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ho TOXI GILT g 


(1) Barcrort, 
Ph. 189, 


Gensentration Exposure in min. to produas Witiuate death, 


Z_ 208 
Oe 883 
0. 4416 
GO. 2208 
0.0883 


Bouur 


Criticisms Suffictant aaste iz uot given to establish ths 
: lethal concentration for 3 minutes. HiKes 


(2) U.7.M. XXIT « sort IZ 


iar ea A dace to ill at stated time 


mu YT ih Sd a 


0.08 8) 


Oriticiams Report does not state Wrere figures were obe 
tainad. thirty minuto figure is twice that 
obtained by killer, Fe 


(3) Miller and Grogs, 
Bolle ARLII =f 7, 


it:0d = continous flor 
Consentration determined by ahealcul ansl-sis, 
Siocsura «- 30 minutes. ——- 


Concentretion Died/ Bxsz0sed fimo of death in hourg 


066 12, #16 
0.042 2 10, =10 
0.035 1/2 
009050 1/2 18 
0.017 0/2 


0.041 m./l.e taxen as the minimum lethal concentration for 
& 20 minute exro0stt'es 


Criticiems A gonclusve reyorte Bea ke 
™ 42 on 


HA DL | 
AeZes"s 666 
he De ¥e 48 = G=5, 
Phe 17, 40, BS. 
asters oo 4 Boe Te 


Phosgensa acta 46 & resoiratory irritant, penetratin.: to the 
terminal air cells of the lugs. fhe symtoms witch arise are tose 
Ghiefly due to want of oxygen die to impaired functioning of the air calla. 
In eddition, there is lachrymation, salivation and nasal discharge. Aftar 
exposure, the smell of the gas reusins subjectively for sevoral hours, 


the sym .toms noted won exjosure to low concentrations, are: 
Irritation of the respiratory pessases, coyhing, dyspnoea, constriction 
of tie chest and lachrymation, Shese symptoms later decreese and dis- 
BDPE se 


Exposure to high concentrations usually produces rapid, 
antllow and labored breathing, burning pei: in the chost, causea, retcnhin; 
and vormitings his is followed by headache and asphyxisl symptoms (respira- 
tory paroxysms ending with gagzing and frothy mucous fron the mouth. 

Thore may be extrema restlessness and arxiaty am semi=coma and deliriwna. 
Tha blood siows an inerease in haemoclobin, due to increased concentration 
of rei corpuscles. i-rey examinations shows dilatation of the right 

haar te Broncho~pneunonia frequoitly oocurs on the fourth or fifth aay 
ave to secondary infection, fiis is accommnied by increased fover and 
@ purulent SpUtiaas | | 


The ges hse a ewriow chsrsucteristic effect upon the tas tos 
onusin s tra odor of tobacco sinoke to bo very unpleagante 


i ee 0 f., 4 
wh bit 


One of Fro common tives oO” simptoms ara fraqaently ex. 
3 
v 


in ccsas O@ phossene poisonlme tia predominant type is churecteristi 
by an @shen pellors the lips ers leaden colored; resoiration ig YE 514 
and shallow with indications of intense oodema a? the limes; cowrhim: 
is froguentg; ths pulses is 150-149 por canute, wax and runmmys and 
fonaral coilapse follov7s. in tie Othor type thers is distension of the 
superficial voing of the facc, neck and chaste The ling and tone ars 
Blues bkresthine is decner ana more revid, Gore way be «a couwth with 
expzotore tion of thin fluid; the pulse is 10) por minute, full and with 
Good tansiors 


7% 
ww 


FOES eo Wipe a ie es 
™ 


. ro ‘. 5 2 7 - 
a= 4% oR ‘Ce yon nF 
inde OO Ee Eee § 


Syuptoms ex phosgene poisoning seldom ecow immediately, ena} 
daath my suddenly ccow after an interval during which no sign of injury ‘ 
was oteervede  Yory often om incapacity for exertion exists which 1s one 
of the most marked effects of the ga8e © os | 


The gourse of the dissam is lergely dependant uron the 
activity of the pationt af ter Deing £35300. Exposures to high songentra- 
ticns followed by camplete raat anda plonty ef frosh sir bave often led to 
racovery Whereas exposures to lovat concentrations followed by exertion 


have often resulted in dseth. 


Death wsuelly oocurs witsin the first three days and may de 
wary sudden. feaondary infection may cause death even after a month a 


MOTD o 
2 Phe 21. 


On gonerel linss toe symptomatology for phosagere is similar 
to symptomatology for cilorine, but tho mamer cf onset is different. After 
an initial sansation of Lniense suffocation with omstriction of tnarax and 
gensantion as though the hoart had stopped, the man who has breathed phosgene 
aoparently recovers completslye  Atter 6 to B+ hows (usually 10-12) 
the recovery seems complete. ‘then suddenly, on occasion of physical 
efvort or passing from goat to cold, a slight digestive trouble, the 
patient is seited by acute oedema of the lungs and dies some tines ina 
fou minutes, In tho light cases which &ro in the majority, there is 
development of pulmonary emphysana with vansation of auffocation and 
increased srtarial tousione Tose siox man neither cough nor spite 
When death doss not ocoim at once tis prognosis is generally good and 
recovery in 8 to 10 days wits about the same chanse of lata bronche 
pulmoncry complications a3 with chlorine. The sme astienia and lose of 


weight oaawrse « 


In gstucyi.,, tov pathological esject of ohos:ene poisoning 
om men, it must be renoubered thet the ants have been colleated from 
reports on battle oseucit’sd, sud that there were protably no cuses of 
purely phonzene poisoning endcr tattls conditionse Fhosyene, in clom 
attacks, Was mixed witn chicrite, end the tro gasea ara, to & large deyrec, 
eimiler in aotiom ins principal efracts ef pacsgexce and chlorine appear 
to be dea to their asphyxiant eciion, alorg with local polsonim; and 
corr 0g ione 


Bh. 17, 


4n autopsy was performed on a man who died eight days 
after gassing. . The White matter of both cerebral hemispheres was found 
to omtain large nunbders of perivascular hemorrhages, uniformly distriqg 
buted. The carpus callosum contained mony haemorrhages. A part of the f 
dorsal cord shoved hemorrhages in the white matter. 


FRe Be 


Hoenorrhages of the white matter of the train ocow in 
large numbors of acute cases of gas poisoning; more frequently fran 
phosgene than from chlorine. The bresking down of the lungs may te 
asid to be the principal feature in poisoning by saphyciant gases. 


GQriticism: This repart consists of a gunmrel disouwsion 
of phosgene polsoning and does mt go into 
a tails. 


Phe Se 


In this rovart are described tie findings of a number 
@ autopsies on soldiers dying from tho effeats of asnhyxtant gases, 
but whether the g8s was phossene or chlorine or, more probably, ea mixtura 
is not stated. Oongostion and oedema of the limg and respiratory 
system are the outstanding fentures, thowh clmost ali the organs may 


be injwed 
fo ls 2 be 
Post mor tea findings on chicrins mad phospens poisonins. 


In sases cf death at a& hours after gas poisonim:, ths 
teoehea and bronchi ara purple red end congestod, Woile a thin exudates 
Wells up into them from the luyss. The latter organs aro heavy and 
Oadammtous, While aorétad Islets ox enphysematous over distansion 
alternate with depressed pir.le patches of collapse. On section, serious 
fluid drips abundantly froma tho lung tissuse Air thet nee esoaped 
fros ruotiwred vesicle is soon in chiins of bubtles on tia surface of the 
Limgs, al nz trea interliobular rissure and even ponotrating tie tissue of 
the mediastinus, Jn some of tho earliest oases, tis most intense dise 
ruotive emphysema may be observed destroying the air sacs and interfering 
wits tho ciroulation of their walls. 


me 2A om 


fetechial hemorrhégas appear on the survace 
of Wie lunga, on tre heart, and glao on the inner 
surises of the stomach. all the veins are greatly 
Gistenied snd the abdorirel viscers. are engorged 
with dark rec biced thet clots rers e&rly after 
Geath. The heart itself mev fail to show Yight 
Side dlletation, for this does net of necossity 
appear after death In cases of asphyxiation. 


if the ran succumbs at ae later dato, in- 
flermatory complicnticns eppear in the lungs, 
There ie superficial aleurisy, sunttsred broncho-= 
pnewnonia and a purulent secretion In the bronchi. 
1é Serous exudate will then be found to hays adis-~ 
fppearcé end no fluid drops fron the out surface 
of the luugs. 


Db. LHYS SUL OGY: 


Chenges in tha blood of rnbbita, follewing 
exposure to chosgene. From Physiological Labor- 
atories, Cambridge, sngland. 
exocriments with rabbits exposed to ® coricen- 
tration cf 0.1472 mg/l for 30 -inutas shone. thet 
there was an eorly rise in the number of red bloog 
corcussoles (eonte olegnaemia). Wie rise v:rstate 
for 1 = 2 dys. There fs also a seconder: rise, 

a true polycythaemia, which may scersist for MRAY 
Waerse 


Ths arpuse 6? the eeute oligemia,is ¢ 
G2 vetur fro. t 2 ploog, enuain> 2 acneent 
Of U3 cersugsicg. Sy exertnent: tian, it was 
fount tet tierg was an aversszte ineress: oa 
the mwuher of ro. bieod esils, within 3 heurs aftar 
exposure to a concontration of 0.1472 ma/l. It 
was also ¢geter:ined that there vas & ai~inution of 


&uproxki: s ety 15 in the total volume of blood, 
this wes determine: by bleeding tne rabbit from 
the carotid, 


- 46 - 


By macrogsoopia and misrosaonia exermination of 
the lungs, it was found that the Oligaemia had a 
definite reletionship to the amount of pulmenery 
oedema produced b: tha gessing, oe 


Cther factcra Gontributing to olignemia were 
foung to be diminution in the fluid acntent of the 
blood, generalizen tissue Oodema due to cinareased 
cosmetic pressure ¢f th: tissues caused by lack of 
oxygen, Outflowin~ of fluid into the alimentary 
canal, and an cutpouring of adrenaline, 


frue polycythaemia gtarts about tha “th asy. 
It may persist ag lcng 28°8 weeks. (In auch capes, 
there in no pulmonary oedema. The condition in- 
dicates a cefinite stimulation to the bone narrow, 
due to the Geficienay of oxygen, Sxvarinents on 
convalesee:t ani-als Placed in ae chamber contain« 
ing a high percentase of oxygen, showed tint chronic 
Polycythaemia coulé ba tamporarily sboliste: by ex- 
bosure to the inecressed oxyren, 


Cy TOLLS TY; 
(1) Shersoos and snyéer, 3.¢. Ix=35. 
To determine the smallest concentration of 


Phosgene which can be datectad b? mouth, 
throat, and lower respiratory tract, 


a“ 


Cone, :Totel] #:20Si-:Jcubt-; Nege:Joubte: Pairs c? “es, 
mg/l :; Pests :tive :2ul Pos > Yul: Tests in “See, 
:tésts:teats peests sSee.T-:lin ax, AVor,. 
rn VESTS ST TE 
0.000: 8 O : QO; 8 ;: O +: «= - = 
O. O04: 9 eo ye oe GO; 8 : O : & 50 60 
0.008: 10 > 2 ¢ 3&3 o: £ :35 60 41 
0.015: 9 3G a : 1: O ;: 23 60 42 
0.025: 4 >: J2 : fs OO; 0 :190 60 3e 


f 
"> 
Ce 

3 
J 


: fie tM UF tee a ee 
Be a sta fc Nt 8 St agi PES igre 
: : ° Pere 7] - 


(29, PR. te 


Rxperimonta to determine personal raetor iu testing box 
respire tors. | ge PT atlateee * 


the subjects in the following teat wors familiar with gas. 


3 $ £8 s t 
O.01766 8 3 : 8 $s 0,01336 $ i § s 
0.0266 8 2 | 4s 0«©=6. Qe OL IES ; 6 ¢ 14 
0.908535 $s 2? s 49 ss 60.01 766 ¢ a2 $ & 
0604415 ¢ 8 $ 8 ss 0.04416 8 1 ¢ 3 
0.05503 % 7 3 20 88 02 066028 & Lz | 34 
O.QS8&US8 sg 2 $ 6 as 0. C6888 3 Ps g 6 
0.08803 «¢ 2 t & $s 6 0,08803 $ a. $ 8 

Total ----=- 36 Oman stand stronger 


8 3 
0.008802 | Z t 12.5 38 0.00802 8 1 | 12.5 
0.017604 3* § : 37.5 41 0,01%356 2 1 $ 12.5 
0.025208 3 z ¢ 25 ss O,01750@ ¢ 2 s £5 
0, 04415 t 2 8 25 $3 0.035806 —s 3 1 4 12.5 
Totel--~-- - 6 § 8 60603416 8 3 8 37.5 
Total w-=--+-+- 8 


Tio ma:dmux concentrations (49 poraons tested) which eould <<—— 
be breatmd for 5 minuted withort sarious discomfort varied from 0.0086 3z 
me/le ta 0608832 mge/l. About omehaly of the subjecta found 0.0364 
mg./le to be the limiting concentration. 


Criticism: Ths “breaking down concentration" is apparently 
the concontration which was unbearatle far a period of % mimites,. but 
tuls is not clearly indicated. KR, oy Lie 


ow 47 @ 


3 bias ee 


(3) EDDe & 


& concentration ef 0.046 mg./le produced irritation of eyes, 
noge and throat with couh after 6 mimutess odor perceptible at 0.0044 
m.e/i, ‘Tho conjectural figure given foyminimua effective concentration 
4c 0.48 m/l. and for mximwa safe conesntration 0.02208 mre/1e 


(4) Phe 


Irritation of eyes produced at 0.0254 G/L Intense 
irritation at 0.422 m./1. 


Con jcctural figures: 


' Meximum tolerable conoontration 
PeZl mre/le Lor Ob minutos exposure: 
0.88 m./le fer 620 
Minimwa lethal concentration.for a XH mimte exposiwe, about 


Oo1104 me./le 
tho maxim safe concentration for alz how exposure was 


0.0044 m./le 
(8) Pt o ¥=220. 


With egos and nose protected the minimm eacentration which 
can be detected by the throat and resgoiratory tract was found to be 
00 mere /le 


(6) Ph 13 
0.02208 moo /le makes sogourn in sir impossible. 


(7) CeCe Pe 6064 (7148), 


B=veriments an the “Fati we of the sense of smoll", 


Bisht observers exposed to a consantration & 0.09983 nye /1s 
for 2 mine: odor Was Very poroestible, only ona tnoight intemity of 
odor diminishedy 4 complsined o@ irritation of ayese 


Conolusions Thore ls aomrently no fatigue of tha sense of 
amnell in tha oase of phossonse 


Note: In working with phosssno in the Soxicolq@ical 
Laboratory at Edsowood #esenal it has been found that phoszene doos pro= 
dude fatigue of the seuse of snoll, Rh. He Me 


ow 45 = 


RE Ne TN IE RT TIN aI EE II BEEPS SEAN SEI ERTS TINery mire 
- > et en mem et ene + i ae 


a » . ri. 2 , pie sah " a aren 9 apes isp oe ea Phd any er eee "Deng Pet te : -. mops Kop 5 4 Vat a cin < Peleg tan 06 Te Reet eye reat otieg Ae Maths lag tater a 
: . i re 3 7s = PY tn bs ay. ~“ a \ 7 ee es ee a et ea ia = Ae Baan af. Se gee fhe CRS ware 23 TRA ke seb 2 ye a " 
a os Bg 5 ‘ A so alee fe a Cet 2 ey gel Ae ate 


{1) Pele VIIE snd5le | 
foricity on A0gs, Phosgene and ie tords 
A mixture cf 802 mustard, 20% pre phosgene at 29°C, 
produced death on dogs in a slightly less time than 60% mustard end 
20% aruda phosgene at 20°C, 
“Gritictam:s ‘The report is vague and inconclusive. 


(2) Mayer 
, 2-697. 
On the toxicity of a mixture of mustard g2s and phosgene 
on domse 
Kixture 50 066 = 72.8 gm phosgons 
48.5 coenm 65.2 gm musterd gas 
(a) § dogs used at each doncentration in the following 
tos te ; 


Goneentration Exp 


ws 9 


ostre 


# 


esultant Resultant dsaths if mustard gas 


26 & 


0.50 15 1/3 all 

0. 50 & 0/3 SOZ0 (1/3 for phosgene} 
0.25 Fa 8) 1/3 - gil 

0.25 * 5 o/s a 

0.10 30 o/s - 


rhe Ma TG etna sta l legions on the onimals used in these 


a ane ee 
-— we Ww 8 of em Ae ei te we PN ee ee 


experiments soem laus sovers than tiosy preducod by pure phosgende 


(b) 1 dog used in each toste 


Conoentrse tion ces Result 
0.50 30 Died aiter 4 days 
0. 69 ‘ 6 Killed after & days 
0.50 60 Died exter & days 
0. 26 60 Killed efter 5 days 
Ue 26 5 Yilied efter & dsys 
0.10 20 Killed efter 5 days 


{ 
' 
1 
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Gonolusions - “Mixtures of mustard &@s and phoscens (50% 
of each) are leas taxis than pure mustard gas or pure phosgene. 


Griticiams There aeomsote be too little data to entirely 
gustify tho conolusion. B.5.M, 


(3) Martin, Searle and Daliwige 
BoM, LSVIIe84, (12). 


Mixture of mustard gas (&-G5%) and phosgene (20-15%) 
Toxicity on dors. - 


Methods: Phosgene was displaced in flask by sousentrated 
@ulphuris acid te obtain concentration and checked by analysis. fro 
gages Were mixed and run inte gaseing chamber. Yontilation of gassing 
chambers 250 l/min, mhsterd gas eoncentration caolonlated by loss in weight 
mo thod, , 


Kxsosure: 8&0 minutes. 


Sonceniration Hes/he 5s 8 tDelayed sfotal sRecover- 1 &% 
Mustards Phosgene tHo. tdcute tdeaths {gos tieS in 3s gas 
Cales scalosAml,. eDogsiPeathsiNoe. of itdgaths: tro : Deaths 


6 
oat eae e 


$ t ¢ 8 $ 
0.08 30.01: 0.01 82 1 0 £14,143 2 ¢ OF 43 WO 
O07 00.01:0,008 (7) 12 2: O 8 5 : 2 4 i * 69 
0.06 8 34,01 . rlOs G0 25, 5, l4s 3B 6 § 20 

+ 84m, OTS $ $ 810 $ 8 8 

t  -.10x ‘ $ {other 3 8 $ 

: 3 $ $ t cause)s s 8: 
0.05 100011 .00S £8 : GO 511, 8,68 8 &§ 6 8 8% 
0004 30201:0,02 $4 3: 0 3 Oo +s 0 8: & ¢$ @ 


xe Siret runs with flowmeter, Accuracy of concentration 
quos tionablse 


Conclusions; 


2, Isths] concentration of mustard with 16-20% eduixture 
of phosgene = 0.05 to 0.07 mee/le 

ee frictoency of mustard is diminished by edmixture of 
phosgene, #4 shown by the resulta, tiat there wore no acute deaths and there 
wea an inoresse of 6 dys in averace tima of daath over the eorre sponding 
tims for pure misterd, 

& Tiere ig an apparent direst antagonism betveon mustard 


gas and phosrena. 
Oriticiam: This ahsars Dr.iyer's conclusion, Has Ke 


~~ BO - 
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(4)akruse and Dallwign 
PoD Wil sA-sG4, 


woxicity on Dogs. 


Bixture of msterd gas (average 75%) and 
phosgene, chicring frea, (sveraze R34). 


Hethods Mustard gas wes aerated by the ustal method. 
Phosyvens wes displaced with concentrated sulphurie acid. The gases 
wero mixed and drawn into the gassing chamber. Ventilation of 
ohamber 150 = 250 1,/min. Chomical analysis was meade for total 
chlori dese The mustard has concentrated Was checked by subtracting 
the nominal phoscene concentration. 


Bxposures 30 minutes. 


Delayed 3: ‘rue tRecover 3: ¢& 


Mastard § Hee 3 
@aa conc. : Dares t Deaths s Kustaerd tiea in 1 Mustard 
me. /l. ‘ 8 Days s Gas 2 Z Weeks : Gas 
§ 4 a2 : 5 " | 
0.17 $ 2 1 4, & ¢ 2 : y 4 4100 
0.08 s 4 3:8, 6,12,4 8 4. : 7) ‘ 100 
0.07 ¢ &@ : 5 4, 12 i 3 3 2 3 75 
0.06 : @ :106,6%9,2 #3: 4, 2 0 t 160 
0.05 2 4 316 3 i 3 3 t 25 
0.04 ¢ & 3 9 8 & $ 3. i 5) $ $7 
0.05 3:10 356,44, 12 5 3 : 6 , 9) 
Gonclusions 


1. ‘he lethal concontration of mustard gee with 257% 


phossene is 9.05 m/l. 
Ze Phere is no advant.rce from tee toxicolorical standpoint 


in using the mixtire. 
(5) GLe 18 (4.4. 21) 


iixtures of ghlorpiorin (S ptee approx) and phoszene 
(1 pt.) worshreathed (eyes exposed) &7 10 subjects. Phossens had no 
infiuence on the lachryratory powera of chlorpicrins 


Ms 


- 51 » 


(6) £-550, vol. 2. | 
: Becend interal lied Gas conference. 5-5-18. — ; 
Phosgene and Onlorpicrin - (phosgene 48.3 ; ;Chlerpi erin 51.7) 


Inbaled = 2 minutes. 6 
Mixturas not rore taxic than thair sonstituenta. 


(Phosgens = 504 
Germen Green Gross 11 Shell (Iichloromethyl chloroformte = We 
(Chlorinated areine = 


Properties =- 


(a) Stormntatary action « concentration 2 age/le, 1 m/l. 
0.25 mg./le for man and animals, 

(b} Action on skin wnoertadn = none noted on animals, 

{c) Respiratory irritant properties - auffocent upper passages - 
concentration 0.03 mye/le, deeper passages = concentration 0.2 mee/1- 

(a) Errect of inhalation ~ farisity 

- Lethal conce far doz ~ 0.5 me. 1. - 16 win, 

2 a = 6& win 


(7) Z-So-A 
| Extract from tho oreiotel Report of the Besaion of 
dime 23, 1918 ~ Hintstry of Armanont 


Gi 826 toxicity or liquids extracted from enemy shelle 


fast of two snamy sJell containing 
Phosgens ~ 48.5% 
Ghiorpicrin = 51.7% 

Toxicity or inhaled mixture was tested 


Mothod: Vaporization with compreseed air in 13 cum 
chrianbore Rech test on 3 dors cf from 2 to 15 Kee wWoisht. 


Exoosutes H wins 


Resul tes Goncie mre/Le 


Died 20 hrs. af ter 
1.0 * BA Nt 


$ 
0.5 
. 


| Died 4 dtys after 
Oe 25 curcvyived 


TT 
t 


Conclusions, fhe mixture is not more toxie than its 
cons ti tuenta, ; | a 


(3) Kruse and Dallwig. 
Pel. VIII Jed5a, 


toxicity on doga, 


Mixture of 80% phosgone (chloring freq) , 
60% cyanogen chloride (purified) 


Method: Cyanogen ehiorids wag aerated in the usual 
Way end immersed in an ioe vath rept at 06°C, Phosgene was rm {nto 
chamber by displacerent with concentrated sulpmric seid, fos 5asses 
went through mixer, than into gassing chamber.  Wantilation af 
Chamber 260 1./min, Chentcs] Analysis: fotal chlorides, eyanogan 
Chlorides Cheaxed by subtracting noming) » phosgene figures, . 


Resul te: j 
t tal Agtte Ysalaysd Tom) Ro covered : 
Gons. Eo. Deaths Deaths no : Porscent 4 
Pi. *: faQ eee a: poate __ Days Yea the k : 
OQ. #0 2 2 wine 2 min, 0 2 0 100 
0.41 2 7, &2 © Zz 9) 100 
0. 36 524 19, 8 Q 2 0 100 
0.32 4 17, 138 13* an 14 50 
o Sl 2 SO, 42 8) z - 9 190 
Q. 29 2 0 0 0 18, no record 0 
0. 25 4 1 ‘in 43 mins, 0 i ly, ly, 19 28 
Ge 23 £ 0 0 0 19, 19 0 
0, 22 2 l in 14 hrs, ¢) 1 ro®) 50 
OcZl a 0 1* Q 14 | a) 
0.14 4 0 CG ) 14, 14, 14, 14 @) 


*peatn not due to Baasine, 
Conclusions: 


Le Lethal concentration « 0.15 m./i, of each pas, 

Note: berries with Cyanogen chloride elone siowed deaths 
at 0.15 m./1, 

Be f produce deaths with Tixture.s one of gases must be 
present in lethel concentration, ; 
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i + 2" 2 So. . Z 
Mg eee Soak, T TEI ¢ ves, cat 
YL ta at a 
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(9) Kxume ond Pallwi ge 
2. VII s-Bite 


Rozioity on Vara. | 


wixture of 50% arsine » Rw 
b0% Prosgens (ahiorine free) 


Hathod;: Afsine waa run into chamber by displacement 
with a satureted solution of sodiwm chloridag phosgene run into cnamber 
by displacenent with econcentreted sulphwic acids; guses mixed before 
introduction into gassing chambers veutiiation ef chamber 250 1./mine 

Zxposure: 30 minutes. 


Ho ghemieal gonttol anafysiv wus run eg the dis~ 
placement method is wry ACUTE tee 


A total of 20 dogs was wied. 


Raeul $33 
otal saute Delayed fotal Recovered Percent 
Cons, Ho. 98 DiS Yeaths Gas in 2z Gas 
af ° j «a ye Yes tu : +43 I & : 


*. 
a 


0.49 4 2 feats gf S 4 9 190 
23, 9 
O. S 2 0 0 v bs 0 
Oe 37 & 6 } 3 zu 0 
0, 36 2 1 in 18 hrse 0g i 1 60 
0.31 2 mi a 0 Q 2 0 
0. 28 2 0 0 Q 2 Q 
0.27 2 2B, €6 0 & QO 100 
0.21 Pa 0 0 8) B 0 
Qe <0 2 0 0 0 2 8) 
Conclusions: 


E 1. Jothal concentration mizture 0.4 mze/le a little 
hichor tran either Alona. (arsine o~ 965 mte/le} pheasend 0.50 me /lLe ) 
Re Only advantage ~ nore soute det thes 
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1, Ud. Kuhny Pete VILI = sS66, | 
Richter, Burycll and Oglesby, Bou, Xil~83, 


Report on #hoszena fired statically in Livens projestiles. 


limits of cloud and toxie ares for dogs and goats in a double lins of trench 
es using phosgene in Livens projectiles and to find how the eomentraetion 


varies with time, 


&  Qbieots, To datermino the concentrations, 


% Keathods 


ie One Livens drum containing 11,850 O86 (36,67 
lbs} of phosgene (9.75% pure) was fired gtatloally 30 ft. from first 
trench, The distance between first and second trenah was S7-1/2 Leet. 


= he booster had a 1/8" groove, 3/8” Wide, 
machined to its full length. 6 oz black powler was used with @ aguib, 


Se Antmais used (exposure 80 minutes, } 


(a) Soven goats at 20 ft. intervals with 
dog between gonte at eitner end of 
first trench, 


(b) Nino goats at 50 £t. intervals with 
day betwoon last two goats at ef thar 
end of second trench. 


Cotober 8B, 1918, 12,00 a2, 
“eather = clear, 


vind voloeity at firing, &5 miles per hour, 
Averaive for 5 minutes, 462 miles par now, 


samperature of eir = inside trench 56%, 
o " " = outside 4 85°F, 
" *ground= inside 1 46%, 
n ' © outsides 4 47°55, 


Relative himidity = {nside trench 113 
zi " Outside " 10,5 


Barome tor i 29095 tuchas, 
_ 65 oar 


2 f = 47 eoe 
by. Prete o fa xr. mS rs *Y fs bon ea y Bg S ot Le phe ah: Fe rag ’ eae 
ong | Re an ¢ ‘¢. \ te an at 4 ae » r] e Sl s 5 2 a. 
* CTE Se - Ee * 
Ne se 
~ : 
‘ 3 ie .. e 
on ¢ iat a ~ 


Direction gina ~ at time of eitine. Fight exgles to 
oonter row of goats. It suddenly shif ted to the right carrying most of 
the gas to the right of trenches.  Gloud was higher in air than ususl 
and eniy part of it settled in the trenohes. Some: phosgene wea left 
in coup formed by bursting projectile. This boiled away in 8 minutes. 


a tlachrymtion, nasal 1 


$ , . ~ . 3 Lachy ywation, ; t - “ 
I rt g0Da0r " tt 
Doge. 3 105 left ¢ Lchr yin ti on sf et 


~ tXagal discharse,couhtDesd in eleren 
108 Might " ” sinc, tumiting, com days 
2 * “ ‘ _ june tivitia 
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Semple + Concentrations in Mze/le for the following intervsla of tims. 


ReHUeR deg & b> 


oe fm 8 ml lw lh le =a of 


Bexples wore taken os followss 


(al First trench. 


G = conte? 


D»- ® feet right of genter 


a ee ee ee ee) ee ee 


E w 69 # @ bad e 
Aw 60 * zefs # * 
Be BD Ff " od 8 
(b) Beoond trensh 

H~ £0 feet left of center 
G=« 60 * a soft w 
Feo t 3 M 
Im $9 & right " . 
g-60 * " * 8 
Ke 80 8 " " 8 

ct enre-otmeauoeanammnestgtptraestns epee eartattarntepneseceaareemarentasecaarcts | 


820 seo~ 21 Hine 


$ 2 
¢ 2.61 st 6.47 
% 3.92 4 0.75 
t 24% $ 0.53 
: 0,48 3 Oe 26 : 
8 Ook 8 Oedz 
¢ lL. 3y $ 0.85 
882655 s 0625 
¢ 1.67 ¢ 0,05 
& O02 s 0.64 
: 6,19 | 0.13 
¢ 0258 ; 0.06 
ow FY os 
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1. A&A Low goncentration of phosgene was produced 
elong 120 ft. is first trench and %9 ft. in second tranch 


Ze ‘Tha concentration produced by a idvens arms 
filled with phosgene fired outside af the trensh under the existing 
weather eonditions Was too icv to produce severe ar total casualtias to 


any extent. | 
& he low concentration of phosgene in the 


trenches Was probably dua to asconding air ourrents and to a heavy 
bocster, a8 most of the gas ascended and passed over the trench. 


TAN Re RE, hen ROR OR ERT ® 0 I were Aa OEE Sen I IW ai Bean ies ne 


& <d&highor concontration of gas could probably 
be produced by firing esrlisr in the morning before the usiael inoereuse 
in gromd temperate. 


5 Gicud tco widely acattered. 
6  Persistoncys 


10 minutes after firing - odor of phosgens 
pronounced in bots trenonsse 


16 minutes efter firing ~ odor of phosgene 
practically gongs from trenshase 


0 minutes after flring - impvssivie to 
detect phosgene. 


2 oes fe fi Cee ee ar ae 
s eRetemc tig tle, ope etait " dees ‘ 
St SR SOP eee ere Pe 
TS a “wv bad 
? 4 
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uw cates & el She ee gl Be, ie wee 8 ee Las Cee et 8 Oe eet te Me ae es Peek, Fag. bcs er Ae tt 
fic a's tg wh rl Be ae Oe ig tee Meee” aS ~— 4 « # eee t9 te & wen, “a ses it 
a Pi te ea aaa . % € * 
« Oe ois : 


Re Xuhn, Richteyy Durrell, Giayton & Cglesby.- 
Pel. VIII=*6.  $BM. XXI-64. 


@ Ohiects To find condentration, veriation in 
concentration, limits and loth) ares af cloud of phosgenss 
b. Methods : . 
1. ‘Tima - 7,48 dk, Gutober 17, 1918, 


2. Projectile - Livens - 11,880 ea. (3666 lbs. } 
phosgone - 98.1% pure, placed inside Md trench in the old trench systen, 


Se. Booster screwed in with litharge - glycorine 
Cement. 6 os black powler used and a squih with paper peeled back. 
Booster grooved 1/8" long, 3/8" wide, machined to full length 


4, Animals = 5 dogs, 20 foot intervals on each 
side of projootile. Exposure 30 minutes. 


S. Samples = 8 groups of Ysamiles each taxen 
over 5 minute periods, 4 on each side of projectile at 20, 40, 69 and luvv feet 
designated left to richt A-ii. | | 


GO Hetecralociaal Data; 
Veather = elear. 


Wind velocity at firing, 2-1/5 miles versheo-w, 


Sete ees: Or Gal See oot Ou, 
. Tomporature of eft = inside trench 45°, 
" n + ontside # 45°F 
" ” ground = insides " 496207, 
” m "# e9Qutside ® 46.457, 
Halstive itmidity = inside treneh Sie 
"7 " —Outsidg ¥t 92-5 
Barometer - 24095 incies. 


~ 59 


Concentrations in m/l. 


35 Sece 4 10 sear 4 BQ gece 


for the following time interval gs, 


eee 


& Mine 1: 3 Mines 5 ain 


t 2 Mine 


id ies af 2 & 
A «00 ; e000 : 05 7 
® 8 ee 3 e 
A i z Pee é 1049 $ 093 i oo 1 x 
P) § 0 78 $ 8.00 é 4,40 t : re 
— g ae t 202 & onO 4 7.80 4685 a 
: : es ¢$ 21,296 § i. 88 t 8. 50 g 615 3: 6 85 3 5.90 
‘ r z ei9 3 e 8 $ eta 3 el5 3: -08 3 aad 
f 3 i $ 3 
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acy cone 


Le Gonolusions nut Remrmu 


1, the lethal area for dogs extenied 100 ft to 
the left and 60 ft. to the right of the projectile, 


2, ° 


Line of enimals ghould extend farther tu 


get tho true limits of thgtoxis sraa. Possible taxio eoncentration be~ 
yond the point 100 ft. to left of projectile. 


Be 


' Much higher goncentratien of phoszene at 


level of doge than at leved of sanple bottle (2-1/z fect froa ground). 


4. 


Be 


Extent of visible cloud; 


S minutes after firing = 16 inches fron @row:d, 
108 feet lert, 7K feet richti. : 


19 minutes after firing - 100 feat ta larg tie 
& minutes efter firin - 45 fest in lemth 
Porsistencys: 


&5 minutes af ter firing = trench not habitable 
with masks, 


1 hour after firing = np discomfort except 
within 2 Yeet of arater. 


Zi hours after firing « complste disappearance 
ef offor oror crater. 
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Report of the Chemical Advisory Committes = Merch 27th = 


& Object: To determine the suitable bursting charge 
and to obtain an indication ef the nature of the concentration produced by 
the explosion of a canister filied with phosgene, in @ trench. 


De fathods 12 idvens bawh Filied with phosgene with 
a bursting ouerge of 40 gme. ef totryl was exploded in trench and 52 
samples of airy takane 


&  Intoorolosios] Datas 
Wind velocity « 12 miles per hou. 
& Zoshoolostosl Neawh tes 


ind male used = 22 {goata, rabbits and rats) 
Killed by gas = 15 (662). 4212 doad within 2% 
hows, mainy died Vory s00u EitaY Erposurce . ; 


Casualties in clearly marxed sones in trench. 
All animals in gone 1%.5 ft. on one side and 41 ft. on the other side of 
badd wore Killed. Partial gasusltics S7 £t- om One sida and 67 ft. on 
ether sida. 


Orittoismy  Pime of day and amount of phosgene 
used ate omitted, Re Zeife 
. @ PUald Ecogultes Uizchest contsentraitlon 1 Folmne 
phossons in 48 volumcs of alr, 107 mee af/le gcollected 2 seconds after ex- 
piosion, 3 Tec% from bomb, 1°6" above floore 


at ths bursting o? the band Wary 1la:.2 quantities 
ef phoszene were thrown into the sir far above tie sromed levels despite 
this,high conoentrations were recorded at first though a sharp drop took 
pisses about 1-1/2 mimtos efter the explcosi One 


4e G¥.a 67. 
Report of 0.4.0. sugust 7 = 15, 191% 
Zyporiment I. | 


&  ethods. 


Four 60 powmdar 6.1. shell in lim at 10 yards 
to windward of trench, exploded simul tanoously, with 16 gm ftotryl burstors 


and $18 electric fuses. 


b. Hetaorolocioal Data: Wind velocity - &3/4 miles 


por hows 


in coh at 3°6" 16 saanude sf tar ee i Scie prepa to 481 


Bhovs £ioge of phelhe et aie 9e4) ee /de 
3 g 
@& Joxicolovical Rete, Cbhserver wooring small box 


resjirator with extension remained in taerch in direct tine of the cloud, 
Huo odor or taste of phosgene was detocted. 


Expcrimont Ile 
GB iathods One shell exploded ss abcva. 


wind velocity 4 mlies ver iow’. 


be 


C Ricld Rosuitear: Dventy-nine samples tekens 


In Geonch 3 ft. from 810 saconds after wsolosion One Vv. Laas Of ? phoagene 9 
tfide 


L . Hs 


In dtgsout ac above t1-1/4 minutes after exylo- 3:One Yolune af P pusances in 
ir a - = 
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Comparison of concentrations obteinusd by birsting statiosllg 
various types of missiles filled with phosgende | 


(a) 4= 60 pr. Cele ahell exploded near a trench (see above). 
(b) 4 4" Stakes bombs z “ & * (G¥.G Report 46, pee 6.) 
(o} S = 27° 7.3. domds H “ 4 ct ( 4 " 65, " Be) 
{a} 10 = €.5" CI. Howltgor shell, He. I exploded near a trench - 

- (CHC. Report 66, pre 9). 


Comparison of highest concentrations of phosgene obtatned by bursting ons 


missile in tee 


(a) 2 = 60 pr. G.L. ehell (see above). 

(bp) 1+ 4" 6.1, Stokes bomb (C.".B.Revort 45, pee 6), 
{c) l= 2" t.2. basb (Report 63, po 8). 

(ad) Le Livena drws (Roport 50, mr. Be 


Ge 


QUsorver wasring @ special bor resiirator with ox 
tenslon entered trench lomadiately after exslosion and remained in dangost 
pert a@ cloud ror S mimutes with perfect pro toction eseinst tae plhos:;onee 


ee Longlvusions 


fiossene is na suitnble fisling gor Ui, shell. 
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FT tet eT es ewe | 


i 
| 
| 
f 


Be 


Ge GPe 228 (CW. Ce G9). 


nevort on the front covered by the 6° (25 ort.) Horituer 


wnen firing ghall filed with phosgette -_ 2 


Sime 2 Jamary 12, 1918. 
Se Hothods 


De 


Ce 


Now of exporiment = 7 

Bo. bowitzera tack = 1: Hoe rouns fired ~ 22. 

Hap range 4000 yards; Rate of fire BY. ~ BD soconis. 
Mims taken to fire all rounde - 11 minutes. 

Kowitser on center line of section artilicry trench <- 
énimals over front of 60 yards. 

Shell ~ 6" (26 owte) howitzer, osst iron 

Filling ~ phosgene | 

Burating enge = Fumyl @ {d) 

Fropel lant Hf o 2rd W.C.T. 

Blind Shseli.« O 


Motporologion) Petar 


Barometer = 25.2%5 inches 
Thermonster = Wet bulb 87° Fe 
Dry " seo Fr. 
Ground temerature .- 35° F. 
Wind = Rest, Soutcwest varying to West and Hvutinves te 
Vind Velcoity - 7 ~ @ miles per how 
Bxy - clowly 
Puinfall - nil during experiment - trace @uring previous 
£A how'se 
Timo of dsy = 8:15 Pele 


Fauld Reauitsz 


Coneuntretions weru determined at various positions at 


heights of 1 ft 8 in. and Aft. above tie grovmd  VJaiplete tubles wi th 
tacrams are given in the crigink] Yepor ve 


w 65 » 
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Mirztas Seconda 
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‘213 2°3.-2 seek 


ee&tainad ] . 
Was $axen. Volume of 
Fte inshes phosgene boty 
4 0 nil nil 
a " 0.49 92640 
ft tf 0.23 139700 
® 4 0.74% 6120 
P| g 0.23 19700 
4 0 £. 84 1540 
i 8 2.69 16860 
4 v 0.15 SO) 200 
2 8 0.08 56600 
, o 0.03 $6600 
ad " mil ml 
& 0 0.867 6200 
" . 0. 64 8280 
a 8 0.76 6040 
4 0 0.13 24800 
" 0. 20 22600 
ts 2 0.08 56600 
r ul traas trace 
2 8 0.12 37 700 
4 oO 0.12 S770 
2 8. ri] mi}. 
4 Q trace trace 
i § 0-z0 22600 
4 Q 0.4} 12006 
5 * Be 25 1390 
" 0.£5 274009 
i 3 0. $2 142300 
4 Q ni ri] 
Ht - 0.12 37700 
S trace trnce 
1 8 0.05 55609 
4 0 nil nil 
e " trace trace 
i 8 C.08 56 609 
&. 0 9:2 £8 200 
2 8 ° bg 
4 0 e 04 Bs 
4 id trace trace 
i 0212 37700 
ss Oolé o77Q9 
4 Q 0. 151090 
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PCat tion 


Noe Seo of yirst shell flour of tresch Me./liter Voluze of sir 
diagram in whan saopla was at witch ample _ containing 1 2 E 
original tamsn Was toren a | Volume of phoef {= 
report Mine 8006 Pts Inches gene both at 
$1 ai 20 4 G 0. 12900 
mR n ad B 3 8 6, 08 5OSG9 
ws 9 " r @ tne tram 
49 ¥ A * “ 0.20 22600 
- By tt # {(Duzcutea =}. 2. BE 1609 
rr 9 " { a& ) 0.08 56 600 
45 ee * (ft. 8 ine} nil ril 
Q. Turicoicetoa) Bernd ta: 
(See rapart for diagram ef arcanzoment of animals, } 
4niaeis in trensh In drgout Ie open . Rumber Romer ks 
reenee AY fe rd ¢ - os? 
Boats 9 1 o | & Only those on ex 
treme yight oz 
french survived. 
Rats 18 ) 1z* 19 Only those on ox- 


trema right or 
trengh and on 6x= 
tremg flanks in 


OVEN RLU Ved. . 


*Exoluding 4 rata whieh eacanoed Quedi:ys shoo te 
Ce Conchictona: 


te In the oner at 48 yords from the moan peint of 
impuat, the front covered by the eun was 35 yurds, iese from rat 23 to rat 
Soe 


a ee . 


& In the trench = at 8 yerds frs5m the moan point 
of inpsct, the front oovared was at lonst 5 yords. in view of the fact 
tua. rat 34 was outside the northern limit of the lethe: cloudg it is 
probeble that the eloud in the trench did not extont beyond goat 18, 


3 Front covared by 6" howitzer = 40 yards, 
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Rolativg hand di ty = 457 


AMUNt at scharred from Cylinder i 
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fressurg &t nozzle =. 100 « 
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First row « 40 rf, from 


Second no 200 tt ts 


Wird gow o 4 Suttles; €ne benina 
tro on Outar Scsex) « Tiht to lett 
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Aly sper a ture - 63 
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250 ibs, 
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§ & minntag {slow 


(Exsogur, Homi n, } 


(Hy, 2 


Tete) 


Il: gg Ss00nds (fu1) 


- Yate) 


C4Ch dog fexcapt 


ed, x), 


Seuple: Ponce nitration 
34 Sea- 3190 Sao- (2 Seer 6s 2 Mim fs 2 Kin~ 
pean 6.7)! eee © JS 


Ur nt ra) 3 ator 
First Roe 
40 Lte Recovered Diod how's 
D fte Diet lO rns. Died 52: ® 
o * Died 3 hre. 2 


Died 10 days . Recovered 
| Died 14 hre. 
150 ft. Reoovered Died 15 days 
200 —* Rocovered — BRaocovered 
5 #8 . Reooversd Died 15 days 


fo Sonolusions: 


A lethal concentration of phoszgens was obtained ovor 
an area extencing 100 fact fram cylinders along center ling, 0 fest to 
left on lst line and 40 feet to left on second line of doga. Phosgene 
is equally as effeoiive as arsine in the mobile gas uni t. 


- 70 = 


T. Bor crof te — Bele Fe Bale (3407) 


ae (diet, Rxperimant to determine the poder surface 
persaistoncy of phoacena, after ifberation from artillery shells 


Tims = December Ray 1917 — £:B) Pelle 


Ball = 66 pre GI. filied phosgene 
Sureting charge « 6 (al 
Fuse ~ $106 
Man range P00 yerds = rounds fired 16 
fie tazen for all rounds = 12 minntes 
Zoro time = at burst of last shell 


e Xotesrolertonl Sntes 
mj 
Yon ther Bacordsis 


Baronpter ~ 29.99 inches 
Thermometer - Wot bulb = 62.6°%, 

Dry bulb - 45° PF, 

Ground = 41.5°R ® 
Wind = Welieiiewhe Volooity 7 miieg per hour 
gky = Cloudy : 
Rainfall ~- Bile Guring exposure = 0.02" during 

previous ga HOUrBe . 


S min, foaiut indications phoscene gcin: towards orater = nena on crater 
12 OR, 
4 wire tot detested on orates br prone observer =~ faint odor lixe Wl, = 


gstect paver negetive for phosrernde 
5 to 8 mine 3Ko odor of phosgene in five craters = earth turned over - odor 
slize O61, 


Le nelvgions 


Phoswene has mG woier cvurtace rercisteuc7 


~ Fl = 


6. Km, Richter, Burrell, dlayton and Oglesby, 
Bet XXRWGE , fats Yili~A399, 


Pirire a Livens projectile loaded with ph spene and pumice. 


& Obsests T find concentration lind ts asd porsistexsy of 
@ cloud of phossens rasultirg froia firing a Livens projectile loaded with 
Wucegerd ahd puaice in e trench, | 


be Bethods | , 


i, Pima = October £, 1918, 9:29 ad, 

ke Projectile - Mark I Livens = 8/4 fuil puntos stone 
a/an in diame tex, 7,574 co. phosgens, 10% air apace by volum. 85 gas. 
Loosely packed Asde ToT. 819 da tonator. 

S <Animig = 3 dogs at £0 ft. intervals on oach aids 
projectile. Exposure 20 mimites. | 

4. Samaes © 4 grows of 10 sumples on each side of 
projectile. WH, 40, 60, 100 rs ae aa - dugignated left to right 


be~ HI, 
Be bab Hatod Ly, r 
Fairly olvar. | 
Wind velocity = 0.6 miles pes hour, (average for 6 min, } 
Temperature air’ Inside trench -— 58%, 
A * outside " - 57%, 
Ground teuperatures Iasidg 4 - 57.22%, 
” ai Outside = - 5702 Ve 
Relatiyo numidity; Inside - 94% 
“ " Outside #4 = 94% 
. 2aP0me tor = 299 inches 
Le Ficia Ras uts 
Sore 3 Oia eantys Thtr , 


ple %5 beo-310 Gege1i Seong] kines 2 wluRe3F adios Zimes16 dine,15 Kings) Mir- 


a ee ee 7, *) ole 


WIGS 2 OCs epaies: eRK:, “a5. #345}: LLOs bRach: ITas P 
- oa + ee mm 2 me wm. Pra oe ee ere ee le oa “ ee ee = . -. TS nee Ons em ew Ot ees ae ae - ee E- ee ete. we -- oo 


3 $ | g t | 3 3 | 
= 10,08 § 0.23 t m= & 0.23 * 0.42 3 92) € 0019 £0.00 % O90 # OL00 
B 20.05 1 G15 : 0,04 ¢ 5659 : 0.79 & 0.09 § G09 2 0.15 £0.03 #& 0.03 
¢ ¢ O15 ¢ OeUY 4 173 8 4025 3 68 ¢ OF.0S8 8 0.50 ¢ 0049 3 0.63 ¢ 0.09 
D : 0652 3 2.35 113%.68 3 SeGl § 50355 ¢ 1.70 2 401 t 728 ¢ 0609 280022 
E 231.33 $14.38 2 7044 v1.25 2 ~— Z 7.58 $ Oe4] 32 0661 1310.30 ¢ 0.08 
¥ 8 0027 1 0.00 1: 2.06 + 1.65 3 2133 Oe¥7 3 0.09 2: 0.19 8 O22 1 0219 
G $20.09 3 DeO9 % ane $ 2677 § ann 3 1053 $ 0.03 ¢ G209 8 meee 8 ree 
H + 0.10 ' 0,035 : 0.05 * 0.00 * 0.10 * 0.03 ! O,08 O.03 % 9.05 § wae 


ao TD mm 


Unefr ected 


160-140 feet left of center - 

120 “ w OO " - Licht casualty 

100 N a " -  Yted 18 hous 

80 " w 8 8 - " 4 * 

60 ft n 64 n ad by 7 #=#® 

40 " A it = et A 4 

20 " y " w w 20 minutes 

20 " right * - « — 

40 * ur of tt - " ot 
Romeinder - . se rt - Unat feoted. 


1, Frojectile not woll thrown out of crater = small 


eloud ~ 10 feet io air - stiocing close to grounds 
2  Ossualties ~ 8 deaths over front 160 feet - same 
as with phosgene alonce ; 

%  Persistoency = 


20 minutes after firing ~ not detected by man £0 


feet right and 60 feet left of orator. 
3) minutes after firing - not detected by mn 


5 feet right and 15 feot left of oratere 
2 hows etter firing - no trace detected over 
orantare 
4. Observations exolusive of analytical results 
do not show any evidenos that punice rendera phosgene more persistonte 


% $<Kuhn, Richter, Berell, Gleyton. 
Pele VIIZ = AS038 4 Boue AXXIIT «9 3, 


& Study of pereiatenoy and lethal area of 
projectiles Silisd with phosgene absorbed in pumice stone, 


be 86a tod: 


Livens prujectile about 9. phosgene (95. #3) 
fired statloslly im bottom of trench, & Hoe & Gatonator and 85 gus, 
TET. loosely pacxed, were used in the a6 tona tor, 

4nimale - 8 dogs, 20 fest intorvals each side 
of Livona, - 

Bxposwe = 30 minutes, 


Zine of Firing - November S, 1918, 8;004.% 


Weather - cleer 

Temperature of air = 45°F, 

Roistive Huatdity = 96% 

B:eromatrio reading =~ 29,84 inches 

Wind velocity « less tian 1 mile per hour 


ad Fiold Rest) te: 


3 Right somples were taken at 2 £t. intervals bw, 
ieft to right. 


Kc 
"Stee *QGE RE tii? A Ad 


¥ 
eRe 


0.0 4 0.12 82.3, 9 211.5 35.9 1246 : 0.64 30.35 3 0.06 ¢ 0210:Q80 


& 3 

Bos Gel 38409 ¢ G0 pew 316.5 37.75 ¢ 3.38 § 0.52 $0.86 3: 0.23:30.0 

GQ 8 2862 ¢: 6.16 3 809 1644 817.0 2812.8 2 6c s 7,0 : 2.1 $s Oe 2230.11 

D 8 S%e0 3 7085 5 bow be 95408 81466 § 6.63 8 855 226¢8 0.17 

Bo: 2683 om : 2.70 2 647 320 £2664 165.5 $3.0 286.90 858.0 0.17 

: $ 0623: i= teww 8 bet 5 FeO 32104 3 0.82 2: 0646 +2 0.782211 
: 5 


Oolls we 4 om ~~ 4 e268 5 1,56 : 0.55 2 0.68 3 0.05 3: 0.06045 


f 


Aftsr 6 min, Glond maved beck over trench. 


wm * Gloud very thin and just percootible 
to sight. | 


15 “ loud outside dispersed but heavy mist 
. resoined in trench 50 ft. on ei ther 
side of pro jeatilee. 


20 «8 Stronz odor of phosgene 20 Ft. He of 
_ projeatile. 160 ft N.s. of projestile 
pnbesrebdle without mosis, 


20" Soarable without meaks on right (south) 
rs tt to the projectile. On Isft masks 
ware requireéSt ft, 


i Hour Ho phoszone detectable in or out of 
trend. 


f. Soxioolorion) Rosultas 


160 feet wignt Light oasusity 
340 "f 4 | rn 
120. «(Co#t ¢ Severe #8 
190 «(8 " Died 12 how's 
e . " @ 5 
60 " em % 
40 * bid oe. 
ma 8 " " durin exposure 
xO & Ist a % " 
40" t " Shows. 
60." ™ " auring exoguta 
8O #4 at " 7 hours 
200 CO" u fm 6 
ix : ne | y 
240 ="! : Sefers casual ty 
160 Hf tt +f a 


Letha area = 100 fest to right of projectile, iz) feet to left 
Gomoerison with test of Vote 26 (with punice) 
fom-eratuwre Octe 2 =~ 589%. 
Rove B= 42°9%,, fomperature may accuunt for wetter cloud and larger 
lethal arctic 
Lethal arca —- Uct 26th with pusioe, 160 fest 
Nove Sth without °, 20 " 4, wind conditions 
nea. ly identical. . 


n= 15 = 


f. ansivsionn 
de Slioud resi ting from det unation of the Livers 


arten filled with phosgene,is denscr and produces a lerger lethal area, and 
iz as persistent as that in which phoagano Wag abnarbed. in pumi ca. 


w 76 =~ 


We Par, Piehtar, Furreli, Glayton and Ogleadye 
3M. IXXV=-E0, Pete Vi LI-4393, 


Goat of Gps shold filied with phoasene end puxtdes 


| we  Sbfegbs. Ro find the consantration limits and 
percistency of a cloud of phosgene Tagulting from firing § Liveng pro- 
jeotile leaded with phoazens and pumice in a trendhe 


ba Wa hod, 


Pre joatile « Mark I Livens fillod 2/4 full with 
pieces of pumige, cize & arain of wheat. This required 6-7/8 lbs. oF 
‘8.5 liters pimice - fo this were sadad phongens 9,217 oc. (29.1 lbs.) 
$9,055 pure ~ alr spsea - 10% dy valLwaze — . 

Position « Livens placas outeids trench of ol4 
trench systom | 
Boostew ahatga ~ 85 grte loosely packed An|. 2. He Te 
Setonites « 28 tyuaer ted. 

Clout ~ Thrown 16 ft. in sirg settled woli. 


Auinglg = 3 a278 - PO feet intervals on each side 
Gr prajfoctils. (Total 36 dogs Je 


oles ~ 4 groups on each sida, D, 40, 60, 100 
a,c to right over poriod of 2 winutes. 


roct intorvals, lett asd 2 
o  etsorohonical Detar 
Noe ther = elomiy - clearad uD 10 minutes atter shock. 


: Wiyd yslocity - G& to & miles per houte 
Tierature of air = inside trench =~ 37 Fe 
6 not oetside =" ~ 3797, 
salgsiva humidity - inside = ¢ ~ 65% 
i “ - outside * ~ 65% 
® aromne tar ~ : 2928 incnes 


See Goa COnGaners 


i $ sre shee 
ple #5 Seo-s10 Sea-t3) Soomsd 


& etek. apeiae, veeees. 
SS sige. Yo. we eS rere “Ar oo . 


$ 8 | $ 
A 8 e903 5.10 ry 4, 29 § 
B : %683:13.10 & 6.70 3 
6 +: 7e%5114.00 & FTO et 
D «3 0f%s 4460 4 =~ 3 
Bw 2 8.908 4.5 ¢ 6.% ¢ 
¥ ¢ 00s 20 8 e06 8 
G 8 eM, «OO 5 206 4 


P 
8 
- ere 


‘ Ay - ~~ a ¢ y De . ae? & , 7 i ai een a» Patt 
ine; 2 Kines3 95 Mize g)0 mines 15 Bins BD rr 3) 
EtoSs Useg £ Btes £ Bias s0to8 tog § Ties 2s 


sot Rs $ $ 
. «3 (SF | 
(987s 1,06 
1.02 1272 


Poe 
oes 


220% 00 

e008 290 

eG0s 400 
e 


28 | 


O. Japboororicn Ranta 


7 dogs Killod over Lront o! IHO feet 


f. SManglusionss 


1, 


Be 


4e 


Cloud 29 feot ta sire 
Wind shifted to fever left slag cy set wy. 


Casuai tied: 

Hillcd ~ 7 fogs = 149 foot frou, 40 faet left, 
1cO foxt lett af projectile. 

S6Yore Cagdaliies - & 

Light " ~ 2 


4pparentiy paulde does not ingrease persistency, 


but cs2sea clomd to gor3cd more amoothly acawits lose Waste of tha filled 


aotually usod. 


De 


the clond so high into ir. 


Pereciatancys 

§ mirmatss efter riot - heavy mist 20 feet Flrht, 
49 feat isft of srejocttile. 

lo minutas after f.vinr - not detected to 10 fect 
rizcht, 50 feet arte 

SQ ocrhactes a tur Fisiers = not dstectac te 5 fect 
wt eet sf oriter, go fsvet iecgt oF oratere | 

x) minutes arter firing - slignt odor imiediately 
OVAr OMi.teie 


45 minutes after firine - practicully no odor. 


Punics prevents booster charge from asattering 


~ 78 « 


t ¢ ¢ | 

2 ¢ j e0Ga «6290 2,00 
i 5 s eOOt 668 2.00 
4 $ $s e062 406 #.00 
¢ 2.028 1.90 ¢ 0M t «246402 «»06 4,00 
t | 4 2908 2.00 8.00 
§ $ t e008 200 &.00 
3 $ | 8, 699 OD 8.00 
$ ¢ 


lle Richter, pwre?l, Chaytone 
Bit. KxXiI~7 Ge 


This roport contains a reswas end acs Sala of 
data given in 8.H. XXip66 and B.M. XKXII-95, 


Conclusions $ 


le Cnemaian absorbed in puntos does not appear 
more persistent than phoasene alons. 


a  diawer initial and average concentration 
obtainod with phoagene plus pumioe and a taxic clomdi of less extent 
secured. 


AZo Oh GPe 178 9 (c505) 


Report on firing trials of $" (26 owt.) Howitzer oast 
iron shell cha ged phosgeno Jane 1%, 1918, - 7 : if 


Qh: Objects fe determine that 15, 6" howitzer shall 
should fall 60 yas. upwind ef evary 40 yis. of front of target in 
order to produce satisfactary lethal effects. One trial 2/3 rds, 
used, other 1/5 of number of shells leid down in official pamphlet, 


be =Mathods Artillery Details. 


"e a ere 2 4 vf; s Pre { 

Ho. of 6" How. used z& z é & 6 

Hap range (yards) 4000 4000 4050 4000 4050 

Front emaged " 49 40 50 40 40 

Etfective area . 40x50 40x50 50x80 402350 40x50 

Rounis fired (rances : | 

not inoluded) 11 P-8) 38 47 24 

Rate of fire(Ber.) ISesea, 15 S60. «=—s Bs ne 3 sec. 3 906, 

Mime to fire all : 

roundg {my 7 mixne2 2 min40 geo 8 Mitel? sec. 2 ming5 sac, 
BSC. 

Virection of firo enfilaiva gnufilade frontal frontal enfllade 

Accuracy of 

Beltre) tl ye ed ejote tg epoca retje]e be RC) oP Gel, 730 a 

Diegrans of arrancenent of animals, trenches and fall of shells are givs 


in roport. 


«' « ¢ . . Pie A % > 
F Lag hs MA as iyo cis oad 
mn Ca i . - dE eta! 


SSS. OOS Se AGRE ER 
Fee ee ee ee, : 


fime of day 
Bar ome ter (inches } 
Tharmomoter 


Wing direction 
Wind veloai ty 


Rainfall, 
Gtperiment 


Rainfal] during 


(map. h) 


during 


Previous 4 houwrg 
oxy 


Gensral condi té cts 


dune i? 

1918 +2918 
8:40 PM, 9230 Pou, 
29.50 29.50 
5a. 8&7. 
6S, 54. 
55. S44. 
B=, BY We’, Wy 
3 4 
mii nij 
0.16% 0.18" . 
overgagt CVaergast 
dull dail 


Mere / 14 ter 


Oot. 2 
. 4918 


5345 Peo. 4940 Pou, 
2.90 2s s=888 78 29.47 
44, 47. — 48, 
42, 44, 45. 
HB 43 44, 

V (steady uy, oy W, Moxy 
& 4 

wid Hi} mil 
nil trace tr ace 
bliue~  dlue 

dlondy 

fine fine 


Voluus 


oF 


918 


Ligidd rtije 


explosion of  abuye Phosrene ir cone ing phosgene 
first shell flom of taining 2 in aos. per 
iy Seq, trench Vole Phos= oudic mtor 


of 


sample e 


6. 89 700 4.812 


Zoro 4 4) 
# & 0 
: 2 8 
2. 's) 4 0 
Z OQ & 0 
2 9 p 8 
2 OQ 4 0 
i 0 4 0 
= 8] « 


416) 
700 
Gaae 
trace 


2681 
the 242 
a 
4.358 
0.712 
0.084 


5:00 Poe 


; Go: atti ; 
Poste  §§ Tims af ter Hoight Mee/liger Yoiums of Liquid fille 
Scot ion explosion of abuve Pnoszen@ ai¥Y ¢on= ire phosgene 
diagram first shell floor cof 3 taining 2 8 in ces. per 
trench Vole phor— erbia mtar 
Hin. Seo, f%. In, : gone both of sample 
mene . 86 Rae Pe | 

1.8 Fs 0 4 Q 1.76 — 2600 1. 222 

2 “ " n 8 25.71 170 18.65 

BS ¢ ¥ : 8 Ge 59 8000 0.412 

3 3 50 if tt 0. 06 60000 On O56 

& ™ = 5 . nii — wea 

7 8 * yO trace trace oe 
wz " ss i 4 0. 65 7090 0.454 
14 2 " 4 Q e778 6000 Oe 345 

24 4 f i 8 11.665 590 8.187 

2 4 0 # 90 trace trane nome 

é " i @ # " a 

8 sd - 4 0 " " aot 

ii J nq " bd 02.80 6000 0. $9 

pT e " 1 6 0. 68 7000 0.475 

LY # ~ 4 0 G.91 G000 O. 635 

20 e ¥ 1 8 O- 37 42000 0. 253 

z 4 5O 2 & Oe 09 50000 0. 063 

4 = " 4  Q OD. OF 60000 0.065 

210 " bd * " trace txrase oe APY 

13 " g Y i 0. 31 18600 Oo 217 

16 e 2 1 @ Qe 08 60000 0, 056 
is # " " " 0.19 25000 0.153 

19 ¥ " 4 Q O17 25000 0.119 

22 rt ? 1 6 O. 76 6000 O. 531 
m " t 4 0 Ge f4 500 6.966 
2700 e : 1 8 trace trace aoe 

" " 2 8 
t¥ 


E BS 
>» £2. 
7 
nef 
= 
p? 26 
t 
if 
t 


rd nl pF oe 
Distance le. /liter Volwne of etr Romar 
from Phosgone containing 1 vol. 


phosgena both at 


500 0. 3 Lt. , | 
yards 4 20000 without AGT, guard tube 

500 ds 0. 04 G00 thous aa 
oe 0. 04 an With : . : 

i 


000 yards nil trace Without 8 " a 
nil "  - With st " te 

1006 yards nit trace R ide fi n * 
| = 82 « 5 2 7 


t 
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Serebwe mer nyse gt 
ai ee 
? . 


‘SR RM eg a 0a +22 4-3 z¢ 


BRR WIR BQ ga cg iz ‘252-23 2 
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Q 
4) 
if 
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a oe oe oo ee Teh pd TP OEP Yr Rhee HH Le 


‘2 2A .g +R MB sVe-BsrBsy 2M se 


CSPEOBREERRS°O RR NE Ppeoere EEE Ear 
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JS #23 Roe 
? 99 8 22 13 202-24 3 23 +3 28 ot 2 
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SBE Ek 


+ ™ 
' oe 


z 2®WOOQO Oot og ox om mal» £0 @ is; 


‘22M eM hp on .e 


42USBR'BRWsiL22 


Liquid fi114- 
ing phosgens. 


RIE Co Tre SRE, OF rettO NE 


: we $ ‘ _ 4 ¢ 
Semples ean eras of air slige le sShollsfine sVolwne af etree / 2¢5noli:Time 
Semple Nosesper yolume of 1 Bursts: of pele volume of s sPhorsts of 


: 3 & 3 Po : 
1 (1-4) 3s 90,000 20,049 s ails ~~ 1s 5,00 10. 8833 nil omen 
z (49 $ 4,200 121,081 s nil: =< +5 6,500 80.6799 nil ¢ «-<« 
B (10-19) + 8,000 ee 2 nil 4 mins 16,000 hie ail <7 sin, 
q 2 3:0 908 8 «20 sec. 
4 (2-26) 1 900 14.908 t 4 t 289000 10,1664 wil ¢ 


Ons of 170%*=25.976 og. /2 
not included in zonerel 


**3inoce the later higher figures wore subsequently maintained, they are in 
cluded in the general average soucentratian 


Direst hit in trial 26 caused high lecal concentration and great mortality. 
Nhen higher number, low calibre sheli (4,5 inches) are replaced by smallor 
miiber of hizh ealibre sheli i inches, ts Variability of soencentration is 


groatly increased. 


we 


(xs } yee 2) £57 : oztentrations Phoagans " 
Poste fine after Mg./liter Volume of air com liguid filling phos= 
No, on explosion. phosgene taining 1 Vole phos- gone in esse per cubilia 
Diagr:m of firat gene both at TP. meter ef gampla. 
siioll 

5 a 0. 26 L700 0. 182 

6 » 0.13 SE000 0.091 
il - 0.14 000 0.098 

13 . 0.95 4800 3 

13 2 0.09 O90 0.0635 

1 l=2 0.53 9000 370 

g @2 et 11090 0028 

~2 4 S300 O. 7 

Lz 1=2 0.908 600 00 0.056 

14 1-2 nil rai and 

if Le trace trace someon 

2 3 0.12 40000 0.084 

5 " 0,38 12000 0.272 

& . Ue 14 20200 0,998 

19 ¢ tr ace trase a 

as “ 0.22 20000 Oe 154% 


at 
ow] 

e 2. 
9] 
@ 
© 


* ime only avproximate. 
a £4. i 


Position 

Hae seo expl bsi on abcre Phozgeng containing 2 in ocse per 
di acran at first floor af oe Yol phoszene 

in origi- shell trench doth at sample. 
3 2 55* &- oO 19.63 230 iS. 640 
i2 *f i " - 0096 4700. 0.672 
u Ld ® 2 r) 0046 9800 0.321 
17 iy = 4.0 90 Oe 77 6000 0.538 
22 = 4 i 8 0.98 4600 0.684 
28 s . ¢ 0 0.47 12000 0.528 
2 2 45* i & L£5- 10 26 87.360 
5 " 45* 4 4) 12. 74 360 8. 896 
& bey 45° tt 6.08 700 4226 
22 M4 45. 2 6 0.47 7600 0. $26 
14 4 Jin 4 Q O52 8700 0.3635 
19 8 " 4 rs) 14.43 SEO 10. 080 
21 s " 4 0 10. 80 420 7.543 
a s ae 1.27 3500 0. 887 
i & Q* >= we e514 200 26.156 
10 " = 8 # 0,09 - 50006 0,063 
25 y _ n Lf 0.12. 40000 0,08 
25 ‘ . me trace. trace - 
18 % 3 . ® 0,09. #0000 0.063 
20 = f 2 8 0.350 15000 0. 220 
23 | v 4 ts) 1, 96 230 1. 369 
27 x # 2 & 0. 20 25000 0.140 
Do 29 & Q i 8 0. 32 14000 0.224 
DO 30 . i 1,19 3800 0.831 
4 Unicnown . A e 6 3 700 4.399 
6 " 4 A 22472 200 15, 870 
7 " k © " 47.193 96 52-960 
9 " — 2 6.65 800 S951 
25 % I ) 0043 9200 0. 342 


irgte in the trench in this 


k: 1 
Liquid filling: 


cubic mater of 


“These tims are uncertain,g owim: to eneli b | 


neizhborhood. 


Er ter ree hetieeetn death beetee deat SO RE AE A eG LE a Fp iat een tee _ e 
ec IRFU Re METAR IION Up te rs 
5 ¥ ct sf ayy eee. te 


(Nes. of 385 Sete 845 Seo. t0 Sete topened by 


sample § $ 3 | aac splinte 3 direct 
Position = } . . hi 

2. 28 $s. 8 % ne: Sc! r 8 
2 (1-7) $230 11942 2 56 2122.66; 200 2.08 1700, 6.2 1 


Z (12) 14700 8696 3 700 ety 1600000. 08831 600 3 5.6F 38 


S (1z1) 13000 m8 Sr ye t 
86000 80. 7362290012. 5238 straces 3 ti h&t closato 


t $ g reser e tO MLOSES s 4 strencn 


& { 22=26 14600 10.96 13600 110 236 12500 11672 ee 0.48 + 


*“ Volume of air per eee phos genes 


Gc we Pe 178, 


Position Time after Height lg./liter Volum of air Liquid filling 
Eq, See explosion above phosgene containing 1 phosgene in ees. 
efasram of firat eround Yoluyve of por soublLe moter 
in original shelli phosgene both of sanule 

} | ee 


7 16 ground traco trace — 
9 25 level Se 42 2300 2 89 
12 Sy a” Oe 22 ZI000 0.147 
4 60 * tracc trase ome 

6 i 7 " Ve XL £0000 Qe 147 
10 i 21 = 0.16 30000 0.2112 
a 2 20 ba 0.09 50000 0,065 
a " " i 0.09 50000 0.663 
& “ * . 0.09 $0000 0.063 
§ tt i! " trate trace omen 

13 J ’ ey 0, 09 HIIVU 0.963 
1% n Lg A 0.08° 60000 0. 056 
14 A fg . trses trace -—e 

15 te ” . trece trace -— 
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Position Noe gaats used Dead in 48 Severe, 
elehbeed., Y LEY 5 

(Yo. of 26 27 $8 26 27 $8 886 ay 

trinl) ; 

Trenoh ? 7 ? 2 oe & 3 ~- 

Dugout 1 x § 2 1 » 9Q oe ~ 

Open at 

50 yais 5B 4 ve 0 = = 2 - 

Open at 

75 yarde 4 3 = nn - ~ 


Oven aft 


“€4— 


* 
ilo t3 used 
Te pe Aetna Lamu sadanideaaternae! es flan ap Een AY atin Bae a vit ie tanned 4e-O8 nee Gee 


Trench § ? § 5 & 8 ie 

Dugout 1 1 2 21 #2 ij ~ 

Open at 

30 yarfia 4 4 os L 2 2 

Oren at 

1090 vardgs 2 5 = 1 ow 3 
Mos iine pices used Ridied 

‘vial Ho, 387 39 37 39 

On eround 

level 356 35 9 3 

At 4 fest 18 216 7 2 

Total 54 51 16 5 
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Severe inoladed 
DEAL 
38 26 x7 38 
67 71 0 81 
0 100 oO 50 
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RORNAP AG YE 
Nee recaps wee aft me x 179 G 
200 100 71 400 
50 100 100 50 
- BO 7% ow 
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af ry to 
| tl Sil Gases 
37 39 
58 B4 
67 | 37 
57 50 
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de We? aots of direct hit in any position where gas may 
ho trapped, Gee, @ trench, are very sercad, Very hich and persistent thowh 
Wory local concentrations of gas aro produced. 


2 ‘he gerwral average concentration af phosgene is of 
the order of 2/6000 to 1/10000, (0.883 t0'0.5416 mg/l.) not including high 
local concentrations. 5 oe 


& Tho cloud pyoducad amy be axpested to trevel to 


& yards im a concentration of 1/5000 te 1/10000 (0.88% = 0.4416 m/l.) 
100 et «ie t 1/30000 (0.14672 mg./l. } | 
500 * 1/100000. (0.04416 sg./1.) 


4. The throw forward of diquid gprey ia about 10 yerds, 


& Variations in concontrations greatly increased by 
replasin; a lurge mwabor of low aalitre shell by a email number of high 
oalibre sheile | 


Ge The system of taking samples in the open requires 
eonsiderable extension and elaboration, before reliable figures can be 
obtained, 
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13, eG Pe E21 (S770). 
Report Om firing trisle of Stokes pdombd, 


@ boot: fo ascertain highost concentration af 
G48 obtainakle hy firing 40 = 4" Stoces bombs fran One martar in 2 mimitee, 


fee 


Bb Fetogds | 
Artillery dotailes 
fime ~ Noresbar 1, 1917 = & 2 DLE 


4" C.I. Banbs filled with phosgens. 
2 

Yo. Stakes mortar = } 

Bursting charge = Powder chaxters head, instant~ 
eous fuse (9 inch) §8 com. detonatar. | 

Provellart etaree ~ 1 bisonit 

Fuse #146 wark I 

Zenge @ 360 yards. Front ermgaged £0 yards. 

Erfective area 20x80 yordg = Rounds fired ~ 28 

hounds in efreotive areag 12 = Kate of fire ~ Tapia 

Time taren to fire all rounds 1 min, 45 SCC. = 

Direstion of fire = frontal 

4anuni tion = vory bad. 


@ Entecrological Patas 


Barometer ~ 23266 inches 
Thermometer, dry bulb 53. 2°r, 
ws 55.0 R, 
Ground temperature . G2. 5 °F, 
Wind direstion Se 
: Wind velooity 4-1/2 wiles per hour 
Sky Overcast 
Rsinfgl1 nil during expcrinent 
O03 diwing previous 
o& howrge 


a. 


by colarsd teat 2) 


Position Xa, 
(coo aiecram 
in origina? 


apere (naar limit Gf detection), 


2 oe ere. 
Time after burst 
of first bemb 
when samole was 


Field Results 
Observations on travel of phoasem Vapors. 


13500 yards from trenches = phoscene eould 


Height above Me. /liter 
floor of 
tronoh at 


be detectga 


| ph 
rezort} taken, Which sample 
Hin. LEC, Wys taken | Het? ! 
Bt. Inahes | 
* 1s ie i 8 60, 63 7 


S32 /B iw a pe 73 R52 ge og sam pe 


& 2 om 3 og 2 #gizisis 


3 


od 

3 & G 16. 78 270 
” ig 4 6.56 $92 
Ly sd « 5. 26 862 
g " u 20.57 220 
¢ i 8 Se 26 8s] 
tt 4 9) 2.354 1940 
f 2 i 0.17 26600 
tT & ¢) tase ome 
& by 9045 479 
: an 2 13.58 231 
ut ft . 12,12 74 
g a x 27036 486 
Lg zr 6 84. 55 54 
Hy rt re) 45.28 99 
a . . 32. 68 139 
Hi “ ~ 0.05 56600 
* r 8 0. 20 22600 
B ry o 7.62 594 
s i 8 7.57 638 
a 4 0 8.47 634 
5 " “ 9.88 458 
R . Y ele 2S £23 
o n t 0.77 5880 
rn d tt 22. 82 ive 
" ay . 560 $4 68 
ri "2 r £9.43 76 
" e * 0. 20 22690 
45 List boop ezolodod 

‘ 4 ) 5.49 625 
uf F a 9,00 503 
. tt " 15.62 230 
- 5 ¥ 18, 74 222 
- a . 25.48 178 
- a 8 Be 80 157 
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ae wanton 
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. F 4 earn ee er, Te Soesee Oi ee : . r Plat eae & ee, el oe aes ¥ setae 
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RAS tines uid tutidetilnindiasibhdinenaianasenaahaeieiaoeameadone te: Am vier fa OE SL Ng aed ete mei te iy ne ABN SUP EE Bes beg A Sar 5 Ra ee Ee, 
; Cia ae ee tn Td hag ah é <= os. 1g Ce ete ie eee Si eed Fa 2. Ree v Ce ee an pies ; —_ # 
er i rE aes i re, ee en Te ery eH A. i . : * 
+ arte fone! Pe we ah ge ee ero Y. : : 


Position Ka fimo after burst Helirot abcre ¥z./liter Valtune af air 


(sce GQiagram = of Firat baad flvor of | containing 2 
in ortidreal When gamle wag Wench at ¥olwse of phog- 
report } taken . Walesa semple Gena both gt 


was taken, Em Pe 


19 1 45 4 . ‘9 23. Sa 194 
22 bad = a & 49,22 92 
23 - - 4 ) 17.83 254 
23 e g 2 & 42. 80 106 
27 ey " 4 ° 213 34.500 
22 (In toe open) # * ba 8 (shove 1.49 S040 
se -: ground) 
8 5 ) 1 8 0.29 23800 
1 we we we 6.08 56600 
8 6 QO i: Q 02 08 56600 
16 " a “ : 0.16 28300 
& ¥ 6 x . ff 0.32 14200 
16 ad Q a; 0.24 28400 
8 @ Q " af 0.08 56500 
16 * . ig ow 0. 24 18900 
£9}In sneiter 2 _& A 8 0.16 ZESNO 
$2) dneonts 1 45 above floor 67.14 67 
31) 15 re) af duvout 15.55 334 
31} 25 re) " 4.39 1032 
3 )In decoy p 45 ad 6.58 8il 


“fhe bottle in this position epencd by enlinters rrom bonh Which fell near 
4% durire tha Yamin, 


Pesitio 3 = | = Pargentiss Rwacrics 
G0ata “od tm Yavere Litht Doad Cesaale 


48 trae Class Glass §8e- tire tn» 
& or 8 c Vers eluding 
asa 


? 9 2 89 89 of 7 rats,6 died 
In dugont i 1 Q G 190 100) hk rats Wilch died 
In open, at 

SO yards 5 0 2 3 0 #0 Of & rets,1 died 


Ti Open, st 
100 yards 3 Le) QO 2 0 OO 3 Mats,l died , 


Ne eee peer are 


: rrp en appre ey net, 
th, gintalin atte oe AA ce = eR seen YR ‘ 
ag oa Let o ab = rity 7} Py * 
rence we ae ee ae pe ity CAPR aT ye AN Lo ee mee in Dawe 
2 : Z Aer Dasha Se Sal io . [eae Oe CO ee ce CP ee Tew ee ae ot fea 2 at A poy a oe a tet A ap ea, Ba ees on j 2 
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Ze Conc lusiouss 
Maximum conuestreéion 1/54 (24.05 Lale/le} J 
Seven groater trea r/Loc (45.78 rte/Le} 


Thiriweu greater than 1/200(22.89 ege/1Z) 


P aie ’ ng i p oy rf ‘ 
Peg ae aT ee _ aT RD RE et eri Phere ap os ores sews 
' 7% ae : ae my 32 eT ir eRe ee So i a ‘oes et se 
i Oey iy ata UA aed 


Lhe GoGo 10%. (5407) 


| Report on firing; trial of 4.5% howitzer cast iron 
shell =~ filled with phoazendce ae | 


ge Gbjects Zo determine persistercy of phosgene 
in unicagrovth - area sholled with 4.5" howltserse — 


Artillery TM talle. 


Hoe of trigl =Ce Ge 52 

Bo, shalls nsed ~ 4 =~ 4.5" bowltcar 

*S" No. of spll = 0 2644 

Cheaical filling = phosgen} 

Bursting claro < CelsCe (a) 

Prone hlant @ = 2d Neo. 7. 

Ruve ~ 106 fll 

Sling shell - 0 

Kup rence ~ 2759 

Gaurget emviged - “40x40 yuris 

Enunde fired - frunges not included) = £9 — 
Rounds hn torget.- 54 

ete of fire B.F..5 Seo. 

Sina to firo for.all roumis 5 eine 45 sere 
Direction of firs - frontal 

Assurecy of shooting ~ Yery good. 


fh, rmtmites after last shel) exploded, 24 rats 
en 6 guiree pigs wore plased in sholled are:. Guinea pigs removed in 
Sutiwtos, rote in G2 minsete 


% 


oe hatrernlocicok duty 


Thug daly 31, 2918 - 7:45 Pel 
Barone ter ~ 29275 inches 
Mognorair © éry 2aln - ba Fe 
Woy mO20F, 
= &2°F, 
wiles pes hours direction 4. Jes 


5 A 
. E, 
ao; 24 


rt. ee + - : ee fear es 
er od ae Ot Se Pak eh | a4 


Sgna wohocity - 


t 1 


my - Cloucy 
Kyinfand ~ ali ucving vrne say: and previnus 24 hourse 
Conditions - futr 


Ge Eenahin: 
Usithor ovservers nor anivale were able to detect 
the presence of phosgede. 


ali Aa - Sh OR te eae ee ao a pore 
re per TE oat ee Are 7 rag Teas weet, A - : > 
: 4 iY foe ot Pes * .3 eB 
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Post mortem exunination cf animals s).owdd no aigne of gunsing. 
It is reaserabls ty assume thut phosgene has no persistency in undergrowth. 
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15. C.0-P. 205. (/25Ser} 


Experiments to determine the pers iste nay of Isthel 
gases in daont = Fhoegonte | , 


Previous reports state that shell filled with phoscene 
exploded in open so that, cloud passes owr trench containing dugout, Little 
G28 Le collected in dugoute | 


_ When she]} were exploded in trench, high conosntrations 
of phasgone are dound in dugout. 


Description of Pugoutas 

Tyo dugouts cormmunieating with trench by shafte 17 feet 
eparts total. capacity ef axch dugout (inoluding shaft) 1270 cubic feet; 
floor 15 feet 6 inches below level ef bottom of trench; floor 21 feet 6 inches 
below general ground levol. 


2" Tele Bombs filled with pho svene » 


Time of trial = September 10, 191% = 7:00 Pb. 
GBs ethod: 
Artillery Detizis: 


3 fe. bombs filled with yvhosgene, fitted wlth 
#6 camercial electric) detonators, arrunged near trench as shown in ske toh 
in original report. 
Tine of bursting ~ 5 seconis interv:l betreen #1 
and 2} commencing vith bomb neurest trench. ‘fon seconds botween #2 and 
Ue Dugout entrances foased dow wind. 


be ns rz Wte 
Barons tar o 29.90 inmles 
Tarmoneter =< set buld 60°F, 
Dry " 61.6 °F, 
Ground 8625 OF. 
" Velocity 23 miles per hour 


cy “ Blue, cloudy 

Raint.11 = Hil during expsriment, 
0.02 inohes during previous 
tventy=four hourge 


~ 95 = 


Position Mme after Hsizht above Sn ee 
(see sxetch explosion floor of © Xe. / liter Yolume air containing 


in originsl of first trenoh or a | one Volume phosgens 
resort) shell dugoent at < . | beth af HT Pe 


55 " " Nit = 
pS 10 ie # trace == 
g 25 . ~ . -s = 
a 40 ¥ : Bil oo 
z 55 4 Ld e = 
2 20 e z 5 # 
4 6 " a wn as i 
G@ (dugout ) 40 4 Q Wil. a : 
= | ; vw # en 
2 10 4 . " = 
¥ 25 = f A 
i 40 bd 2 bN o 
2 &5 Ly s = os 
2 ris) " " " _ 
2 25 " t a = as 
A (trench) 2 1 8 15.86 244 
3 " 18.49 R45 
40 bY _ 14.19 ool 
45 © . 13. 73 330 
= 6) : 12. 80 3S 
£5 " " 8.70 BE9 
l 8) . = Se 2h 1400 
et 


. 
¥ 
3 
— 
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Little or no phesgene from bumbgs burst in open,sinks into 
deep dugout, aitnough the cloud of ghoszene psssine over the trench chves 
rise to high concentrations in trench midway between the shefts. 


1550 yerds distance = unplessant odor, strong tobaseo 
resetvion lasting several hours - no lachrymation ~ no respirator needed, 


rere en ny eer vireo: 


RECLRIMGNE NOe Lig 2% %H. Borbs Filled with Phosgone in 


Simo of trisl — September, 11, 1917 = 6120 Pole 
a. Metros | 


2 bombs on floor of trench midway be tween 
2 shafts of dugoute Time of exploding ~ 15 seconds intervals by mans 
of #8 electrical detonators. Both bombs well opened, deme cloud filled 
trench. Wind blowing on to entrances of dugcuts. UOonditions very 
favorable to entrance inte western ahet t 


bp. Hoteorologics, Daias 


Berame ter = 29.85 inches 
Moruomater ~ wet bulb = 63°F. 
ary al -~ 65°F. 
in Augowe an §4°r,. 
Wind Direction - Kor th 
# Vslooity - 4 tiles por 
: hours 


ary o Dull 

Rainfall - Nil during lst hour — then heavy 
shorver far several nivvteds —- trace 
auring previeus twenty-four howe. 


e Ziala Resnitsa 


: “Samples ecollested in eantre of dugout height = 
1 ft. 8 itehes abars floor. 
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40 
55 
10 
25 
40 
65 
10 
25 
mB 
25 
25 
0 

0 

0 . 
0 

0 
0 
Hin, 
10 
25 
&5 
25 
85 
25 


de 


77023 
F2elz 
87.22 


Oteserraticuge 


Ha. per liter 
Thosstene. = 


tration in dugout remined at 1/50 to 1/50. 
tion wes 1/100. 


2 


ra “fF 


15 Secends 


65 " 


2 minutes 
40 minutes 


$5 minutes 


Obs. 
Bxolosion of last bomb = wory dense cloud in trench 
Kaximga concontration phoszem in dugout. 

Dense cloud = lirht from electris torch penetrates for 1 ft. 
Cloud in dugout stili very dexzae = concentration phoszene 


a 
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28 


Pe] 


Volume of air oontaining 
| One voliuwe of phospene 


For § minutes 25 seconds efter burst cf banb concen= 
Zo 15 wmirates the corcentr3< 


In one hours 10 minutes the concentration was 1/100C. 


Trench still smelt strongly of phoscens,. 
Still very merked empl] of phosgene in tgench naar western 
shaft af dugout. 


vo Mg oe ee F 
2 eer 


phe “s ww * , ase > - yh. “ At ROE BOOST OF yet, Bete ee A ME we 
Pe Vat EEE 7 2 s. *. 


2 hr. © min Goncentration of pnosgac<e in dugeut - 1 in 2450. Electric 
torch pongtratss across Smrout. Trench praotically 
free fron phosgene exoapt occasionally mar extrands 
to the dwoute — 

2 ors. &5 min, Cunogniratian of ‘phosgene in dugout - 1 11 9240. Obe 
gervar withovt protection eould do scond to within 5 stops 
of bottam of cugoute 


3S hre. 25 mine Concentration of phosgene = 1 in 100. Unorotested 
observar Walked tlircigh dohont too mich phoszene present 
| for his to rawiin below. 
4 irs. 25 min Daygout clear uf phoggena. 


$hra, &5 ztn. Qniy foint ovor af phossens in pasate: 
Basu et WO. daha 7 6.1. Stokes Banh Filled Phosgene 


in Trench. 
Time cf trial - september 28, 1917 - 10:00 4M. 
&  Xathods 
Actilicry Jatuile: 


& Stozes bomb, 2 feet apart at vottom of trench 
midway between 2 shefts af dugout, sxpjoded 30 geconds inijarvals, Zxtrancea 
to dugotts faced directly down wince ~ samples calleested in canter of 
duvout 2 ft. 8 ine above flocar,. 


b Hoatooroicioal Pains 
Baer om) ter - 29239 in. 
. Pernonetar = wet bulb = 5 404K. 
ary * ~ 558°. 
ge omad = 60%, 
Vdod direation 7 Southeast 
m “We l0sat ad 7 miles cer hour 
noedrtal lL - NAL dwrins expas=- 
srevicus 24 hours 
S4ojd reenlt eae 
Time ar ter Pi bP CT SPA AP IONS 
plosion ite per liter Volwums of air containi ny 
of first bomb PhISLCiss ere VOlums phesreng both at 
Hr id} Ke T's 
50 17,38 262. 
4h 32, 249 
1 0 SSe 49 104 


CO LT A A 6 ES Se OE OR eee .tm oo get UGE re cia a aera cert ements inthe ete ee Pe aneatinn ahaha tmenhdemim aaa . nr 7 a4 
7 i a . FEO Sur hs el Ste ET RS gepereten se 


Tims aftar = 0 885 vatined OR 3 
es loss on Me per liter = Volume of air coutainirs 
of first bomb hos gene ad | GHe Woiume pAvsgang bots 


gt ‘ poe eee ew = 


i 15 51.75 87 
i sO 51282 88 
& Q ; 60,68 96 
2 30 4°.97 96 
3 g A49%.11 94 
4 0 44.55 102 
|S 6 42.03 108 
10 0 ¥2.9 141 
is 0 220 24 204 
20 0 il. $8 233 
50 Q 2. 84 3600 
2 20 0, 75 6040 
i 50 Os 32 14200 
% 0 trace = 
4 25 0.06 75500 
6 47 trase - 


SO Seconds Last banb exsiodsd. Pool of liquia phoszvens on floor 
of tro=zch. 
i Ming BW sec. tlactorgn concontration of phosgene (1 in 88) attained 
: in dusoute 
z Kin. Ho liovid phossers Laftt on floor of tranch. 
9 ine aronsh Dotraan sntranoar a? duzout ¢lear of shosecans. 
Setected in tranch just outside westarn soitt of durout,. 
25 live Phosreng stiil issuing from weatern shaft. Unprotested 


observer to within 5 ateps bottom eastarn shaft = 
Gnoutntered stron concentration of vhoasene. 


ihre 2 mim Fhosezsne still feirly strone in augout and westorn 

1 hr. 50 min, pvalrwa: doorecsi:c. 

3 ir. fest aper elsoyv renatian in dusont = frint odor pheszene 
still cuowh to bs untenable. 

4 hr. 25 mine Fhosgeie not dstected = cedd forse vetionabla. 

5 tt, 47 iin. Lugout and stairway olear ef risibie cloud, 
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SAP LIVE HT NOo TVs 405" Col. Howitxer Shell (Merk ¥) 


Filled Phosgene in Trench. 
fimo of Trial - Oat. 6, 1927 - 5100 Pol. 
ci : | ea 
artillery Potaliss 


two howitger shells =< in trench midway betwoon entrance 
to dugout, exploded separately, interval of 30 seconds between: wind 
blowine down trench across entraness to durvont. 


bh Heteorclorica) Data, 


f 


Barometer — = 2.75 inches 
‘Zhormometer - wet bulb ms “a'r. 
try * ~ 46°F, 
gr ound = 42°F, 
Wind eirection ~~ Bete Wel. te 
# velocity - 22 miles per hour 
sky + Blue 
Rainfall - . S41 during exposure = 0.2% inches 
, @uring previons 24 hows, 
Ge iold Reswiter 
oo ch i in copter dugout 1 ft, 8 in above floor. 
Time of ter Q YY 
explosion lie, /litar Volume of air containing 
of first phosgans One volume of phossene 
shell both at E.T.>, 
i 3 | 
30 traces - 
45 Se 62 G22 
1 0 12.08 S75 
2 Li 17220 25S 
p | w* 166 36 zTT 
2 0 13, 86 327 
Pes 30 234 90 526 
Pe 0 14.48 31S 
4 0 13.0 ot8 
5 0 9-86 459 
13 0 ce 84 1590 
15 0 Oe27 16800 
20 0 0.08 56690 
a8 9 aid - 
lL 29 zed - 


~/01- 


= Seconds Explosion of lust shell. 


1 Mim 35 Soce Maximen concentration, af phosgene in dugout 1 in 263. 
§ Minutes Very strore gipll of phosgene: 
16 M¥natos in the trencn 
28 Minuses ranch and entrances of @uzowt clear of phoszene. 
50" Hinutes Phosgene could onky just be deteoted in dugout by 
; - gmepll and test papere 
1 Hre D Hine Dugbut clear of phodgene = not detacted by smell or 
tast papere 
Goneral Qbserrakiouss 


le High concentrations ef phosgene in deep dugouts not 
expected from ehell and bombs bursting nesxr the trench. Butsting in 
trench or on top parapet may produce high initial concentrati ome 


& Impossible to estate time at wnich dugout will be clear 
of g253 ~ depends on weather especially wind Velocity and ventilation of 
angoute 


gs, <All dugouts used in these experiments unprotected. 
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We OeGePe 216. (5995) 


Report on firing trislacof 4.5% howitser Cl. mark X sheli | 


Saturday, Horch 9, 1918, 5116 Pel 
‘Avkillery Detailas 


Wuuber of 4.5 howitzer used. ¢ 
— Ryoe of shell, GI. mark X 
Map rance, 17580 yards. 
Front engoged, €0 yards. 
Effective ares 40x50 yards. 
Rounds fired, Sl. 
In effective srea,42 
Rate of fire, battery Lire, 35 seconds with pauses 
fimo taken to fire all rounds, 6 minotes 10 seconds. 


be He@porolocicn) Detar. 


Baroncter — 29.85 inohes 
(hermometar - ary bulb 45°F. 
wet " 40°?, 
. groune - sa? 
Wind direstion —- South Best. 


Wind velooity ~ & to 2 miles per how. 


Sky = blue 
Roainfoll = nil during exposure, cr previons 24 hows. 
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ts rn oo 
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Position Mimo after Height ¥go/L Concentrations | 
(see ori~  explgsion gbore _ i Pertin  iiquid per eubic 
ginal ) of first L1CCr, 7 | moter in O08. 
gnoll tremoh , 
vee ¢ uit At ” \ 
i 0 45 4 90 0.12 40000 0.085 
i . . y. & 0.52 9000 0.565 
é * : & 1, 07 4200 Oe 747 
9 9 % Se 1.04 44.09 0.726 
ua 2 = s 8 nil - wil 
1717 qe Y 1 &@ 0.08 60000 G. O56 
i8 nw. 4 9 0.16 39000 6,112 
£3 : “ 2 § nit ~ aii 
PS ¥ 4 0 0.08 60000 0.056 
& i w o * 0.13 25000 0.153 
6 " = 1 & nil ad mil 
8 . 4 0.55 6005 0. S354 
13 ® @ 4 9 1.14 4009 0, 796 
35 . e pi 63 Oe 4G 1109 0. $00 
17 . yr 4 0 OQ 73. 600° 0.496 
a9 g Ss ad 1.90 2400 1, 527 
2 2 p0) g 8 0,08 60000 0. 056 
11 e oan ne 6 042 211900 Oe 295 
12 o =e a & 0. 89 12000 0.272 
1S 4 sy & 0 006 30090 0.122 
22 4 : . + 11.27 6900 76868 
3 4 $5 * ¢ 0.03 60000 0. 086 
4 = " 2 & 0,08 60000 0.056 
7 . 4 90 0.18 25000 0.126 
20 . 4 ¢ " Oe 16 250000 Oe 128 
20 # " 1 8 0-09 $0000 0, 665 
15 " " & 8 L297 ZOO 1.376 
13 " tt v8 tr 206 = ~ 
19 e : 1 8 1.16 64000 0,803 
Sheol ter a HY “ at 
dye ont = above traaa - ~ 
Reip dug " Giccy ase ~ - 
out, @  - " of tho 
20 Open & 0 dugout 27.51 169 19-220 
ee: by + & 
ghell at 
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Inasstich as goat Now 1 was Killed by @ plinter and that 
very high local consentrations of phoszore was recorded at sampling posi~ 
$ions 20 and 21, it seems probable that an unobgerver shell mist have boen 
in this position of the trench towards middle of period during which 
samples were taken (4 minutos 35 seconds, the trial lasted 6 minutes 10 


seconds). 


Oraletces: ri ; bd SEF tl. 
moh sSampling « Mmo after commencenent 
a & #1 . ‘ 4 a : 


l ¢ 1-4 ¢ 0.1104 3 


firing — g 


Ay vf 


any! 


3 : 2.0514 3 0.17866 ¢ 6.4014 — : O766 3 
£ : &S= 12 ¢ 1.0036 ¢ nil s : 021766 & 
$ s wil t$ 1.104 & 0.268 t 0.192 | 
3 $12- 18 : 0.0756 : 0.4014 : 0.1472 8 FY 


& 1:19 ~ 22 ¢ ¢ 1.8 8 s trace 
t % 
mn nh 8 08 
& ¢ 2-241 ntl 3 g 8 $ 
“Local high concentrations probably duo to burst of sholl in trench. | 


ey f ated - 
french Seetar Avoraze concentration averages eoncentretéon 
for total period for whole treneh, durin: 
| 
a 0. 1766 | 
2 0, 4014 
3 


Accurate prediction of deatns end S3Ver: casuslities possitio 
fron &heonsid- ration of coneontrstions &alono, when states as above, 


de 


SositionsNoa, of 3 


Caguzltios | $ Percentages ‘Zomarks 
s sDead sSevere sdignt sdied ¢: Sevore 3: 
3 $48 hrars: Oless §alass ¢ t Ulass in 


$ tA or 8B 


ROE eet ee ae Are we gem een = wee cae Le ee, = : 7 ec . eos © 7 © 
oom ~ a tetera ane ep 8 ee TAN erent a ees ey — z * 
_ 5 ; ee * ‘ an Be 8 ee ee een 


- ae 
7 


Ona goat was killed by a splinter. 
Observation on travel of phosgene - 


Cloud travel Horth West - odor persisted 1200 yards from 
Wenches, limit of detection by odor or test paper 200 yerda. 


@. Qamarisons 


fils trial (phosgene 9) with phosgene experiment 2 
Phosgera 2 Phosgeng 9 


Wind velocity, miles per hour L- 8 53-1 
Yomperature ~ Wet bulb °F, 66.5 40. 
. Dry " " 58, 43, 
Ground . 1 5. 380 
Acouracy of shooting ‘ vory good excellent 
Percentage deaths 83 14 
Percentage degths and severe sasval~ 100 57 
ties 
Average concentration of phosgene 2.945 mee/le 0.679 mye /l. 
Bursting oharge 2. Gramotatryl 2 om. amcxe 
| | pellat 
Failure of trial dus to nse of smoke pellet for opening the 
sholl,. 


(oe eee TPG. LAIN) 


(2) / Roport on firing trial of 4.5" Howitzer 0.L Mare X 


shell filled phosgena (0 536). ‘ 
Re fi 3bo93 
Timo of trial «- May 18, 1918 = 3330 P.M. 
ap range, yards ~ L750 
Front engaged, yards = $0 
‘“Birective area, yards -= 40250 
Rounds fired - 50 
Round s in efxeativo area - BS 
ate of fire, Let. o & sec. 


ime t6 fire all rowds - 6 minutes 15 seconde 

Firing “tial conducted in bricht sunshine and ground 
tenmparsiurs Bagger than air, @uuditions usualiy considered untsvorable dus to 
wward dissipation of the gaa. 


we. By POOR GBS Bie Bc. 


He pr gs 
rant © 


ow 
0> 


SBR 


31° 


be 


Berenster _ ee £3.90 inches 
Toperature, ary bulb = « OF, 
ret " oo 60. OP, . 
Wand dirgetian —~ Ni 5 
“Velocity “= S”~ 7, mean 5 Miles per hour 
bli 


Rrirfall, Curing experinent « nil 
previcus 24 hours ~ nil 
Veather ~ fine, bright sunshine 


Hield Reauitas 


Times after t Hoisrht t Concentrations tLiguid Phosgene tn 
1SXplosgion 8 above sle./ liter tl part {CC8. per cubig Meter, 
t0f lst shell: trench $ t in 3 
tMin. sSao, sfloaw ‘ g 3 

oe Se) oF 7 ee ee | 
8 t t g ’ § 
$ 1: 8B ; 4:0 ; 8690 sg SOO 6.217 
rn a $* 39.72. 2 150 =; £1.45 
$f 3 1 3:8 ¢ tle7%@ sg 390g 8. 200 
+ 7 s+ § 34 $0 8 ni2 ft meg serene 
$7 + & ga $7" 3 gop : 1200; ke 138 
tS sw , a 0.09 2500900 =; 0,083 
s © 3 #8 si 2:8 , 0.45 810000 g 0. 314 
cy 2 6h 54 *O : Q.09 $0000 ss; 0.063 
eer oe rn s”" + 246 t 2000 , 1.509 
$8 fay 8 sh gm, Oe 20 $ 25000 2 0.149 
er 2 38 4 0.17 825000 sg 0.119 
s @ g.8 74 £0 0. 20 $ 25000 8 0.140 
* 2 3: g5 t2 3:8 ; 0.17 825090 0.119 
g nr wr $430 4 0.74 $ 5000 3 0.517 
2 # 3 4 ee ae 2647 t 1800, Le 725 
rer t" 3s oO.6i $7900 , 0426 
$Y 3s oun 2% 5 + & 13 8 36050 3 0.09] 
$ Fe so w , Sr 0.62 : 7000 : 0.433 
er $i 32 t 019 8 2500 f 02.133 
cf 2 , 4:0 4 0.09 FOV00 sg 0.063 
£ ¥ 3 © 2% 3 $ traee | 3 ecucrins 
$Y sm , eS gay 2 ween $ ane 
¢ Ff 3 on ee treee 2 mam a wwe 
$Y sm, S sm 0.08 260000 , 0. 0&6 
$7 3 of $s te gy nil rome $ — 

LO? 


SO Rae ae ne ere 


te 


va g@ * ay 4 
ai pauses 
Xr 4h 
aC Se = 


oo ten bight Deke, Bes: Bae 
3 Se FF Vee je eee Soe 
bet We Sark ¢ ae a 
Se isfesy PSL ee 


ta . 
Rt Aer Ae 
tae ° . 


s. Hy , 

ee “he te A 
% $ at: < 
ee oat Fi 


TNS Y a? 
ie * 


“ 
sok Je be rahe. 


SE pee 


thee ; 
* ey 
RSS 


AF keatte 


*, 


Position :Tim after sHeignt 4 Concontrationg s: Liquid phosgene in 
(See ori-seaplosion sgbeve — tg. /1s t lpart , eos. per cubic mater 
ginal) sof lst abel tte encetl oss s in : 


t $ 3 rt 2. £ n & 
2 1: S&S ¢ 2282 &@ ¢ Os ntl ¢ woe gg as ome 
4 1s "* ¢ * g¢ * g¢ , 3.9023 ¢ 3280 8 22, £1 
7 « ® ¢ ® ¢ ® ¢: ®t B12 8 00 ¢ 2.179 
9 3: @ «+ * 3 &® 3g & 8 ace &¢ — = 4 _— 
yh rr a 2 eS. Or Oe | a sewn 
wm ss f ¢ & *" s: Bs G29 8s 258000 ¢ 0.133 
17 s * +a 8 & * : 8S 8 O87 2: 8000 3:- 0.608 
19 t 2 e © ¢ *@ @ 2% 0.80 + $000 t 0.5 
21 s © <¢ “Fe oh -@ “Mos 0.45 % 20000 & 0, S14 
£22 18% 3: © ¢: © @ @ 3 OF,69 *& B9000 3 0.0438 
A 3s * 2 FF « © ¢ 3 #=OF,O8 2 60000 3 GO, 056 
s* s: * ¢ @ ¢ © § 8 § whl 8 mom 8 ae 
2 2©«© & +: S$ ¢ © ¢ 8 8 trace + w—— 5 en 
4 -¢ * ¢ ® g¢ © g¢ 8g 9626 3 46 3: 68.65 
7 © = @ 2 gt Ba S70 3 800 z Be 282 
9 -¢ * 3s © gs ) 8 Ot 866 ¢ 2200 54 2e 699 
pe ee ee Se Se SS ¢ 2 cc t 6.635 
isl slo? e © ¢ S g We 4.13 13 4000 g 0.789 
16 ss © 3: ff 8 S ¢: © 5g O64 2: B000 31 0.8577 
27 + § 2@ TF ss L4ete Ss WB 3s B00 0.161 
2 :« #© ss © ¢§ &@4 8s Oe Q17 &@ B00 ; 0.2119 
24% e x ee ee a | 0.45 ¢ 10000 t 0.314 
mG 3: © © * g¢ 2 2 Bs O27 ¢ 1700 ¢ 0, 1893 
ze**, © $$ 8 g m= gm g nih ¢ : =e 
am we t muon we wate emeaar 
* Saoplas positions -30 and 31 ware taken 50 yards from trench, 1'8* above 


prowmids a 
** Sales posi tions £6 end 29 ware taxen in duzouts, 1'&" shove floor. 


~ 


sectortSampies Kos. 3 Cerne Ce ‘Concentration not § hemarxs 
et CF S a MS b , 4 d. 


es ~! @ 


8 FY | 3 
wt Sateen 49 OFS BAS snd 36,00  sfhe coneentrstions not in= 
—B B= det Pia ie tao naan lmed in the goneral wore 
ee cog gana go PRS : wee? Obtained in close prokinity 


- 27 3 O.1766 8 arene $tOo am insediately after ths 


ee ee cena SR einen Olin 
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R= rt A He rl iy ane 
ree eee ris mee I ey pe a 


: = ¥ a rao 
Satta eee dentine ean aon: pte amen mmadh enti damned teen - < : i wt 
2 Pos i 9 . 


7 ape RS Pa Py Tee 


€.  Socieolacieal Resmi ie 


ror diagrons snowing posi tions ef animals and sampling 
bottles see original report. 


Position No offs Gcampltiog maceeeek BE 
sgoats sdead in ¢SoverartLight 1 Dead « Severe class 


s pours DARE § BOSS BG ATO LIE GAae¢ § 
eee eae eaetee a — - oe 
In trench ¢ 7 4 2 : &$ ¢: © +t 14.35 ¢ 57 
In dugout 3s 1 4 0 t+ 1 3@ OD 3 @Q t 100 
In open at’ t $ $ 3 $ $ 
60 yards s 5S s: 9 s$ 0 8 & &« Q s Go 
&t 75 yards s 2 3: O : 0 ¢« & ts Q 3 Q 


Position No. rata _ “athe ipa Pecads% dead and gassed 


Observations on treo] ul phosgene Yapora. 
Detected by observers 500 yards douvm wind = traces 600 yards. 


eo. amorkss 


1,  Ganoral trend of the phoscens vapor was to rise 
fros ground in its passage to and over the trezch Ubservers 600 yards 
away wars mot wearlm; asks, whelous, in resant trials phosgere aaused 


lacshrymation at 1759 yardse 


a2  kastits bettor then antisipateds rats more 
sensitive than gOats; cascusltics On gocts due to local high aonsentratios 
oY alirect hits. 


3s Resoults siow that Dombardusant in aa aca mirht 
be successful som tests needed for conclusions. 


« 1H2 6 


epee oA ath iba siiast ithaca PBT BOSC wes 


. . 

aod _ ‘ 
* : rr 

. Cee ey 


. pete t 
Oi atid ere ne , 


Mee 


(3S), “20522 Sie. (3092). 

(3) Baeport on the sinmltansous firing of gas and HE. 
shell. 1 - 4.5" howitzer Kark A eholl peer pHOGZeNe, AML 18 PeleRe Wek, 
service if. shall. : | 


fo see whether ef’faats produced by gas 
thell ure sericualy Gasca by simi tensous firing hod He3. shall. 


be HEoethod. Pra squares 69 by 80 yards, with eaged 
guinea pigs at 19 yards intervals. ‘ | 
co  Hateorclocicnl Yates 
Date of Experiment - 12-18 3-20-18 
Time of day = 123 H Pete 6:00 Peiie 
Barometer, inahss 23.70 30.06— 
fwnarature - wot bulb 'F. 650 45,6 
ery * 55 47 
gY ound . 59 38 
Yelscity, wiles par 7 4-7 
: hour 
Rainfsll, during exgerimont nil nil 
previous 24 Bours nil nil 
& Fuscoiocical Easultas 
t Now :Hilled s Severe sQassodsNormals % (2 Killed, severe 
tanimelas Ssesvalties! t sharmal roasualties, ; 
eee) PRT MRT! SOC RES EEE TMS URSOVENS EEEEE RENE RECERMEMES Sen! «2°17. 7: Reem 
Phosgene g 3 $ $ $ § ’ 
only 1.45 3 8 : 4 t. £1.35 12 3 18 73 
Phoagene 8 t s ‘ $ $ 2 
ePhocceng 3 og $ t $ $ s 
i a a a a 
Phossene t : $ $ t § 3 
nlrs HW, % r aX e 9 ry 8 ee 2 76 
& Marx 


Conditions or first exXserimsnt = not altogether 
favoratie, gromd temersture higner tusn air taiperature, causing upwerd 
convegtion currents. 


Conditions of gaatni ex erimont ~ ph sgena plus 
high explosive showed more cas:aitios fran zas then phossene only very 
significante 


~ 110 = 


¥e Somalusions: 


1. 6 doubt that 18 par. « may be used in con 
Junction with 4.5" howitzer shell, filled with pound without dimd ni sh 
ing tho affect of tho Piorcene. 


Qe fr 18 par, Heide shell. may be fired round for 
roumd with the €£.5" phosgone shell, and eertainly in the proportion of 4 
Ge snell to § pheovene shelle 


- ili = 


Lye 
#, 
, : : AAS 
e Besta tice . Se spe pe 
r OE, SO RR 


tenet See ee ee ten ee ee 


17, C.0.%. 42 (4328) 


: Sxperingts to determine concentration of gee produced 
in trenches by tie oxploston af 6” trench howitzers, cast iron, marx [, 
tomb filled with phosgenee " res 


a  ethods 
Artillery Dates 
Bomna wed - G" THe cast iron sexx I. 
Piliing = Phosgene (C 545) 
Bursters ~ 10 greos Ophorite © | 
Igni tioa - Yo. 8 datouator sleeves, filled E.G. 2, for 


olectria ignition. 
Bostbs expiodad at rests 
Sragwantation = Hell aqpeaued. 


Path of eloid = Sovelled weli aver the trench, and visible tp 
to 300 yards down wind. 


b  Xaraurologice. Datars 


Younereturs of tua airs 


Dry wad = 47°F. 
Tot * ” 44,5°F. 
Tes ernkure of grounds Sor. 
Fing velocktys 6 wiles per how 
Direoticn of winds Ha whieie 
skys Blue ~ eloudy 
Ratrfalle Nil during experiment - 
trase during previous 
: | a Lourse 
WOES tier § Fine 
Saronectri¢c rressuret eveG Lucier 
fins of ays 1is50 sate 


Se Eiglid Resultiss 


UR parmek BW aes o2%_8 p Wiad Fe 


Seae Position Tim after 


Voiwas of sir contaicing 


ple Oe explosion 
a? pombg at one Yoluma pnosgens both 
Hhicn sattiles Bat Het eve 


a 
a 


1 4 Sece Zell 2100 
2 2 4 " 4.07 1100 
5 3 4 oe 2.58 1800 
4 DO rn 


Pcaition fime after Eight above GCONQBKTRaTrL Aig 


Sam 


ple EG. explosion .§ floor of Hge/litar Volwra of air con~ 
Nc. ef bods tranch at | tntning one velums 
| @f whiok Whien same of phosgene. 
stmyles pies Were a 


5 2 o id 4 6 2S. $2 190 

6 A 0 £5. 3 & 16. 472 RO 

7 I 0 a Zz 6 19.72 230 

€ z 0 x i 5. 24 1400 

9 2 6 45 1 1.24 3700 
20 i a e x 8 0.62 7X6 
21 2 2 26 2 8 0. 36 13000 
22 1 » § Fe 8 3 8. 0.12 45900 
13 2 o 16 4 6 12.19 400 
14 2 0 15 3 6 18.66 RA0 
25 2 3) 20 2 8 8. 38 500 
46 gz 0 30 a § 1.36 3400 
a7 2 0 45 a 8 0.72 6000 
i8 2 a 9 a 8 0.45 10000 
i? z 2 25 a & 0.43 41000 
20 z 2 Fs 82 2 3 0. 08 60000 
2 s 0 10 4 6 10. 27 440 
22 % 0 18 3 6 21.78 210 
23 s 0 Bo 2 6 6.56 700 
o = Q oO i $ 1.07 -BR00 
25 3 0 45 1 & 0.16 30-000 
25 3 2 0 i 8. taea acne 
2? 3 1 15 2 a nil ~—— 
<3 3 i 30 a 8 traces —- 
2g 4 0 1¢ 4 6 13, 89 2350 
& 4 0 p 3) 3 6 13.15 450 
et § 4 Q Pia] za 6 T6067 590 
oe 4 0 ce 2 6 1.76 2600 
os & 2 45 i § 6. 26 16000 
hy 2 4 ya Q 1 & QO, 23 20400 
Aye & 1 15 2 8 0.15 30000 
a % 2 of ra 8 0.46 11006 


€ 
m, 


- LZ e 


PY EAs 7 12h a Oe 


Bar Position Tac arétex teight above §o u 
fitter 


Youliwme of air 


ple Oe e471 95) 2X flvar of it 

Ho. ef bombs tranch at i. Me” containing one 
at witch WilGh garmmicsn — Mead Sy. Yelwss pacegens 
Brzplos War? taxen ‘ both at X.%?. 


eot tncnes | 


Seoorvetions Ir Preorte, 


& Wiltea cloud resetreted te the Loot of the eustorn shaft 
fm £0 sscinds softer the oxplcsicn ef the decds, anc to the foot of the 
Western shaft ix 50 x900ncs; phosesne wea dutasted at the eortar of the 
duyeut oo SS seconds in asowst sufficient to necessitate wearing a reapira- 
Tote rea ecTegta W aa iatensa nature weve produced when the eyes 
Were sce at S, 6 ani 14 minutes after zaro. 4% 25 mimites after sero 
tas Odor cf shosgone wus setasstibla in the trench, and plicsgeus vaper In 
foixly estrous ecucortreticne was ercountared balf-tay down the oastern and 
Western ghafts then tm dacout res cutared, At 68 minutes avtar zars 
phos one WUE Fics detoctarle by emesis in the: avgout, but no discomfort was 
VosSego Cy Ale Sisco, 


oe es 
fue sworleg on the tes of the parnset (Fos. 14) 
verve evidently tarar befere tis vousert onpe af tio cls usd voashed 
the oositions. 


in three rinvtes phosgono was prosent in the ducout 
in fairly nigh concentrations fros taat ting until eftez 10 minutes 
thers Wes a fairly high concentration of <hosgeno moving bockwards and for- 
Wards gror the sangling posi Lion ip, gre center of the dugont. 


&. Metou ‘One 6=inch £.1, caat fron Hare I boss, 
rillsd with phosgene, (€,548), was exploded at the dottom of a trench, 
and samples of the atmosphore were collected. ne 


be Matnorolorios) Datss = 


Wind valooity ~ & to 6 miles per hour 
Wind direction - Ho~He Hi. 
Temperature of air: 
Dry bulb _ —— «60%R, 
wet ” = — 
Romperature of grounds -« 
Reinfalz — Hil during _expertuent and previous 
£4 hours 
Heather ~ fins 
Bsrometric pressure ~ 29.69 tnehos 
Time of day _ = 10:50 A.H, 
Ge isle Eosultss 
In trench ; ‘ 
Sample Position Timo a. ter Heist abova 208 C2 % gR a 
Roe No. explosion flser ef $e. /liter Volume of air | 
of bomds at trench at containing ons 
which sam which samles Yolung phosgene 
pl 8% Ware wore tarten both at NTP. 


1 Ri 6) 15 1 8 10.61 430 
2. Rl “0 20 4 3) 18. 34 250 
5 Rl 9) 60 1 6 11,09 410 
4 Hl 3) 55 4 ) 5.03 1500 
5 ke 9) 85 1 6 1,89 2400 
6 R2 0 £0 4 ) 4096 900 
7 Rz 2 10 1 & De 44 190 
a R2 1 15 4 ) 5e41 840 
g RS ¢) 20 2 8 13. 76 330 
19 RS ) 20 4 0 5.05 900 
12 RS ) 45 1 8 BSe 22 140 
12 Rg 4) 45 4 0 7052 600 
13 RS g ) 2 8 Re TO 1700 
14 RS 2 *) 4 2) 1.57 2900 


- : of ae : = 
halt eran Af OD NCARAE NT er aia era ene :, a A 
’ Fo ORE Ret) FS OT? hey 
aoa oe es 7 EE ty: 


Mg 
Pye ae oe lhe ee 


vee 


2 ne eA eae 


48 ae ve bias ee 
. * e . a Saag nae *P oie ~~ fa - 
: ee ‘ Pe The aot Po POR rt. - a OF By Pe parent 
2 in niet OE SR ee a Ce AS sed, Stead wae mas 
are CE. Soe ee oe 
= a 3, 


so 
L Aas 


Sample Pesition Time aft-r Height above | 2 


Nos Moe explosion floor of He. /liter Volum of air 
of bombs treneh at | containing ons 
at which which samles _ Yolwae phosgens 


samples wero taken both at HTP. 


16 R4 9) 3 8 18.687 B30 
16 RA 0 35 4 0 hee $9 900 
17 RA 0 65 BI 8 18.82 246 
38 R4 9 55 4 0 13.27 40 
19 pe Q a5 2 8 Re 1 £000 
ret) LL 0 20 4 2) 2,45 1900 
21 iL 0 BO i 8 49,46 92 
22 LA 0 55 4 0 22059 200 
me) 2 9 Fs] i 8 1.92 2400 
Pe) pw 0 49 4 9 1.08 4200 
25 L2 BS 20 2 8 41. 80 210 
26 L2 i 15 & 0 10275 420 
27 L3 ° 20 1 8 A. 72 54 
29 LS 0 45 1 8 25-18 200 
+ 8) LS 0 45 4 0 eTe TL 160 
S21 LS 2 0 i 8 3. 87 1200 
52 LS & 0 & 0 Se 28 3400 
33 lA 0 30 i 8 31.39 140 
38 id 1 10 1 8 6.02 B00 
26 iA i 10 4 0 9.23 S00 


Be oy on % 
Sarmle Position Sime after Haight sbeve 5S 


No. No. explosion floct of ke. /liter Volwse of sir 
of bombs trench at contsining one 
at whieh widioh sengles volume phossont 
senples wWers texzen both at Ne lecs 
Wore Leken 

39 z 0 i § 25672 170 

40 Corp 2 6) 2 8 Le 54 200 

AL ter 3 6 1 8 20,14 ree) 

42 of 5 0 2: 8 25. 28 270 

43 8 10 9 a 8 8, 81 500 

44 ou 25 0 2. & 5.49 809 

45 ) rs 8) 0 2 g He 92 1600 
Hse Hite 

46 $20% OF oe. 2 ) 2 & 0.64 70090 

47 2 Q 3 8 0.6 Z 

43 center 2 80 2 Oel 885 

$2 ge 2 Q i 8 v3 £3500 

0 GUSSUS 3 0 } e rit om 


ne: o- 
seen iaeeethadieatlen cate nt atin eae eatin tenet tiem com mmataie aii ednatraetebeenentes ah 
- + I Fa 


de Eialée Roar tes ; 

Qbsoryationss 

ihe bomb opened well and a good volume of clout wus 
thrown up and out of ths treneke Te actual bay in which the basb was 
exploded was clear of visible clon: in 76 seconds, but visible vapurs 
wore stili present in two adjoining bays. at 2 minutes. The bay om the 
eastern side rac not clear of mist wntil 5 minutes aftar the explosion 
af the bombs | 
A devas cloud of phosgene immediately penetrated down 
woth the eastern and western shafts; it was impossible to sea across 
tho dugout owing to the opacity ef the clond. At 60 minntes after xero 
go cloud of considerable opasity wes atill present in the dugout. At 
SQ mimutes after sero it was just bocomlrg possible to see across the dugout, 
although fumes wero still prosent 4n the bottom of both shafts. At 120 
minutes etter sero phosgene vapors were detected on resching the four th 
step down euch shaft of the dugout and visible fumes were eti1l in the 
dugoute At 160 minutes after zero the dugout was free from phosgona, 
but traces of hydrochloric acid were datacted. | 


e. omurrs: 


Ts concontrations reported show a travel of vapor of 
phos¢ene in high concentration along tho trench on both sides of ths 
tay in which the bom) wes axploded. tha highest consentrations ware 
3/22 ot josition Ll at 60 seconds and 1/54 at position LS at 2 seconds 
after xrOrde At one minute after zoro phoszene was present in the dugout 
in concentrations 1/190, and at the end of 3 minutes the concentration 
had failen to 1/1699. At 2 hours 1/50000 phosgene was presente 


‘. x it - 


IB. CoC ePe BIG. (4022 


| Report on Firing Trial of 4,5" Horitser 0.1, Merk EK 
Suell, Fillod Phosgenee ee - 


m  Sathods m3 | 
«Bae of triwls Mirch 15, 1916 at 6:45 Pde 
| Artillery Jetablar 


More rapid firing with higher wind valocity 
than usual. 
te. Pango 1760 yard, = Front engaged 0 yards. 
Effeative area 40 x 3 yards - Rounds fired 69 
(9 rances). 

Rounds in effactive area 91 - sata of fire ¥.F. 


2 seconds. 
Tian taken to fire ol] rounds Z minutes 15 gaconds. 


Barometer - 29.99 inches 
Riermometers dry bulb 47°F. 
wat * 45°F, 
Wird ~ aele ~ Hed Yolooity 86 milss per hour 
ixy = blae 
Rainfall «- Eone du:ing expesure nor in provious 
24 MOU Re 


-@ «- Plala Boaulisr 


2,600 yerds fron trenches southwest of battery = 
surong odor, turned test pupor, icrgast Ccistance ster observed to trevel 
at Porton. 5,000 yards (beyond woods) - not detected. 


Position Tims aftcr Uslgat stove a, Volung of Yolume of 
{sac Qio- burst co? Sl acat GP Search sir contain= licuid fille 
gram in first shall at which sample <mavolum ing in eos. 
@iginsl when sample was tazon Of phosgens per cubic 


repert Was taken both at NEP meter 


Fosition Time after 


{sea diz- burst cf 


erem in firat sheild 

origins] when serpls 

re:crt) Was taken 
Line SeCe 


'SotT PW zis ae“ eoe 2 BsiZ3 Ze 


> 
7? 


UREBRERSECMRE REM ENE ERR OF BN 


2 sholter® 
augent - 
a deep " 
duzout . 


$2 ghol ter” 


ane-out 


RE oe 


Unsmown 


: JQ Bog 


Rt SSIS iQ RB F-BA-2 =o is = wm Ola Og 2G 78 822 ap 2308 ar 


Haigsnt 
Bboxe: 
Gay 
of 
trench 
at which 


sampje 


=. HeT. Pe 


Volume of efr Volumo of 


containing 2 Liguid filling 
Yolwne of phos= in aca. per 
gone both at cubic meter. 


18 LeO OT ee ~ steer 


+ “easel tanta: 


Fall of shell and Spee aaa ef animis in diagrams, 
goo originel re. s0rte | 


Position Hoe of ass a pecans 
goats Sereare — Dead Bevere  Ressarks 
peed ees Class | gasaal~ 
ag hrs. 4 oO 5 ae ties in 

eluding 


in trensh 7 9 z 5 0. 23 of T rats 0 died. 
in dugout 1 s) $ t) 0 0 1 rat which survie 
od. _ 
In spen at 6 0 0 3 0 0 ef & rate O died 
60 yords 
In open at 4 1 2 2 25 5 of 4 rats 0 died 
YS yards 
In open at | 0 Ms 3 0 Q of 5 rets 0 died 
100 yards 


‘ ay 5s : 
ad a + n, 
Se ape ae ee ee ee 
. < SC 2 3 
= re so ° So a a * py ae en eee - - 
. = 7 ~ ear" mer aoe “ a ay i wa : iit 
‘ 


IS C.G.F. 218, (Ae 


| ort on 7 So 
Shell filled xi pt, Pind - arin trial of 4,50 howitzer cast iron 


&  Hethods 


xp range 1760 yards = ¢ anger 

Bffective srea S30 ee ae why 

Hounds in effective ares 271, lati 
. * fram Fare table 25, 


Bra ting charge « 2) 

ri grams tro 
oe lst, Ghg. = bai fatin 
@~ 44 Mere III A 

iind shell « 2 & % Ticochat 


be  Hoteorolozical Date, 


Eeromatey « £9.38 inchey 


: Ground = 59° 

we 

ind directian ~ Betwaen South Gest and South, § 
VUth 


" Velocity ye 
~ 2°75 inf i 
: wr o miles per hour 
ain? ~ , 
all nil curd ne CX DOBUTS and brevious ™ how's 


~ ivi e 


eg A 5 ; x y a i 7 a a 
2° RP INGLE ee 


4 2 0 & 0 4.45 1020 
8 " al * . 29618 R24 
9 4 2 9 28, 98 156 
29 = ~ 4 Q 0248 94.50 
a2 . . y i 8 Te 54 6090 
a: ; " . 4 0 5.02 — HOE 
2 4 6 ° e 1.2 2650 
& vs # = " 6.02 758 
iz . x * . £266 1700 
15 on _ a & 5.09 1470 
36 gi # 4 @ 1.14 2970 
i 4 4) " = 0.69 6560 
L bs . a 8 0.49 9240 
3 " " 4 oO 0.68 6660 
4 sd Ay 2 & 0.84 7079 
§ 2 t = . 1.97 ZINN 
6 ~ . 4 0 1.92 O60 
” " 2 " i 8.27 ad 
nu r " " 1.56 2900 
23 = ey " . 7073 586 
BBS) es = . 3. Sl L370 
17 4 . = az 0.36 12600 
ft? e: 


Bottlis at 3 ema yg eaardingy L/ 274 and 1/186 Were ovensd soon 
efter shell burst Gloge by, 


Ge Eek echoting) Possltay 


Animal lio, Bead VaLti 
used 48 hous Severe Class Siichs Tete) ' UBaualties ines 
2 or B Class 6G Cindine dead 
a et vena —neees reget : 
Goat g g 2 {4} ~ 89 100 


EE ROR EES 


' ‘ ieee ai pes ay eeciek AR, f 2) fetes! pared 
Se tO a rd a << Hy Rae Ee ee a alate nae Soa Te 
Ps ow z "aN ge . hy - ?: Lam ie * 


{a} Sevore casualty (A) probably ate 3-4 days af tar 

it: pombardnent. . oe ee 

(b}. Severe cesualty (B) out of action for considerable 
poriod, ee, | 


(o) Light casualty (0) out. of action for shart period, 


Of the 2 dead animals, twenty-two died within 14 hours 
after the trial. Of the 2 goate as essualties (4] would protably 
have dted in another 4-48 hours, Since 75% of goate. end 100% of rate 
exposed in open, 50 yards beyond the line of trench wore wiiled, it 
follows that. the lethal travel af eloud o2 phosgene liberated from 
4.5% GI, shell mst be at least 6 yards and probably over 100 yards, 


ia * . 
Seve MEM 3:07 PRESS CONF: Ap WNT AIR alg PUR PE STA pM ee A a ee 
Baste 7 Daal ay Sys? ee sr ght hop? Fe PERF ALAS eh ets A IY ee OM Se ar , 
ea AE Be ees ! + : . 
ay ete ee et Be he os, Caan al That DD a 


Le, Gad z H 


paki Ree oo L 


io 
3G) 
a 
“a 
a 
i 


: a. Si ’ at 
? PEELE. Naoto Se CR Fane be, hae nbie «herve se te tle Mate ly PEN @ MESES ee 
A EA RIMES SR LOIS RE, ES ROR NIB NSA EE ." 


= Stee why ee < 
PASE OMEN ee eee eo Reet Te OU a ae 


7 5 i, a Pay tee ge Ate y a < ‘a b 7 ¥ 
JERR ARE IY DE PORTE Rl AOI Bi Aes ERIE 
Boss PEATE S PRESS 


Me “Pe BIG. (26 } 


Report on firing trial of 4.5" C1, Hare X 3 
howltser filled phosgene, Pos . | 
Ge Objects To test lethal qualities of Phosazene. | 


be Mathoa, 
"Gime; demary 4, 1918 = Bi) Pw 


Atiillony Dates 

No. of sxperiment = 6 | 

BRumber of rounds fired - 5§ Hap range,1760 yards 
Front engaged,40 ysrdas Rffeotive ares 40x30 yards 
Hoe of rounds in effective &% 68, 36 

Rate of tire BeM.,5 seconds ota) firing 9 mimte(: 
fio. of rounds in effective ares fron Farge table, 
Ho. howitzer used, Z 

type = GI. ik. Xx 

"C* number = 0 476 

Bursting chr. O ~- 16 (a} 

fropallanmt chee = 24 Ballistite 

Fuss = #106 

Blind shell = Q 


ce Hotearaloriosl dete: 


Borone ter ~ 50.14 inches 
Tomsorature: wet bulb <- S1.8°H, 
dry  - 32.5° @ 
erouma. — 80.5 °F, 
Wind direction =< Yeast South West = south West 
" Welatity - I+ miles per hour 
wiry = Clouds 
Boinfsli = nil wzing exposure or previous 24 ours 


Ge Pi5} cd Re2n] £8 : 


1. Goseryationa on travail of phoszens weyor, < 7 


Direction of arirt Sivon by moans of sous 2.2, 
shell fired at desinning and end of Si00t give mein dirt Slichtly north 
of east, 

Phosgene dsetocted by odor and paper 1600 yards 
md 1809 yerds from tretesase 4itit of dotoetion by oder and paocr = 
2250 yards fon CESS os3 5 

~ l2et= 


BO neentrations of phostonas _ | 
Position Timo after Holsht aboro OORGENTR Atrro xy 
number burst of floor trench = ie. /litter Volume of air 
(seo dio= first snoll = at which sam : containing 1 yole 
eram in when sample =_ ple was taken wne of phosgene 
original Was taken both at NeT.P. 


Pt. 


ine Boe. 


. Inches 


' 4 oO 
e : ag “ " le 15 4000 
14 tr wa * " 1.58 3000 ; 
15 f 8 1 8 1.94 2500 
17 " © 4 0 0. 215 50000 
an fn a) vo 0.46 20000 
21 " . a e 0.88 5000 
27 = J 4 0 0. 8&8 6000 
6 & 40 sod ” 9.10 600 
4 " tt 2 8 2.59 2800 
9 ry : 4, 0 12,61 350 
1s t " " " 4.87 950 
17 " ad a 8 47,49 95 
20 " " € 20 051 15000 
3S st " “ " 0.68 6500 
3s n i i 8 oe 50 13500 
7 6 5 - 0 0.20 20000 
§ sd " B | 8 3.20 120 
12 " " . 7 1.45 3900 
16 Ad Ly 4 Q veh 5500 
19 f sd et " 270 35 170 
4 " fn " A 0.69 6500 
29 e n id tt 0.65 7000 
ay LA " ri S 0.77 6003 
2 8 0 4 0 0.68 7900 
2 i? Ht 1 8 0... 4 2099 
10 "8 " ty O.-x 7500 
11 " . 4 Q Oelz 35090 
35 " tt " " 2623 IID 
22 - ” e " 0.61 7503 
a2 . " BY 8 die 32 490 
Re S i 4 Q 0.87 5000 
rey! . 1 8 Oe 2z 2100) 
£3 it " 4 ) 0045 10000 
DW Sholter 1 8 above 8.17 550 
dicout ~ floor ofdur;w 
ai Deo te a ont Le 86 2500 
ducout : : | 
82 Sicltey " e 0242 22000 


4~OU . 
See dicprem in oricingl resort vor location of Eninsis ara con isinars, 
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Position Noe of , | | Remaris 
€cats Dead in Severe Licht © Dead Severe 
Used = 848 hours Clasg Class _ .  @suale 
AaorB ¢ + thee in 
7 Cluding 
| | dead ey 
Intrench 6 s 3 0 50 100 Of 7 rats 6 diod 
In dugout 1 2 0 4) 100 100 i rat died 
In Oden at 
50 yards & o* o 3 re) 0 CZ § rats o di og 
In open at 
75 yards 3 0 0 i 0 fe) “4 * 2 
In open at 
0 


me of day 

Noe of 4.58 howi tzor 

Raearg in yards 

Front Cnsaged, yerdg 

heiodor ox Popgs 

baxretion of firin: 

dns Volooity, mites Bur hour 
Tamora tig te Set bulb 


Dry ov 

Groung 
fEreeutoce or foets in tenes 

Killed 


Eitled cna 
Severe tusesy ty 


100 


1918 


50 Peis Ss oO io dig 
2 a 
1759 L759 
oy 40 
Ex 58 
4. tir, 9 ming 
OuwZ Tord, 
4305 oleh 
4420 ce § 
He5 30.5 
105 50 
109 109 


Fe ree ne 2A REET RE ET PC eT TY 


Hewiof Experiment i. a1 | 2 $ 4 


Percentage of goats in dugout ON eee 4 | 
Killed ee 0 105 100 


Killed and severe 
osgualty - ad 200 100 © 100 
fn open at 60 yards 
oo ae - = 75 0 0 


Killed and sevare 


le Rigid conclusions rerverding effect of low taemporature 
impossible from comparing trial #6 rith 2 and $ because of other factors 
Which largely influence tha results. 


2 Porcent of decths in relation to temersture, 


In trench « 6,5 in trial 2 same order as in Se 

So yords = pryntor in trisl 2 slthowh tenverature ; 
10° hisher thsn in trial %% : 

In trench = thial 5 double trial 6 when te:perature 
ras 10° lower, 


S& Wind velocity as a factore 


Percent deaths shonld havo Greatest in trial 5, 
less in triel “, least in trial 6, 
(a) In trench = arder es emected loss in trisl 2, 
least in tricl 6, 
{b) In oncn = preatest in trial 2 = accounten fur by 
Bas. belize gl ovly eorrisd over te 
Smimeds — no gir tice:. 
ife oe <3 
at tomooratures ostreon 320 ard 58°R, Sheli Lillod with 
phoscue cen bo used wit: G00d effects in winds up to 7 milss nov hour End 


fast moximmm efract Will be oxarted in vincs Of Wory lov Velocity and also 
definite diroetion, 
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neti Sk ieee 


Z2le C. Cele Th. 


Report on tho correla: 


data obtained in 8 artillery ficld ex scrimental trials with phoszene, 


Methods 
Ordinary fire trenoh usod, 


fbi) “ficel Dates: 
Goats were used ang results tabulated as follows; 


Deaths (include ali animals killed during shoot). 
Severs oosual ties. 
Liskt casvaltias,. 


Sranicel Datar (%sterial tabulated and some observa- 
tions On sam}, 


Time of exposure = tots) tims occupied by shoot, 
persistency of phosvene vory slicht. | 
Concentration = ronerai uverase —- GeisC., aoproximate 
ooncentrztion of fas existins for tie total period 

Of ths sicot in tint particular portion of the trench 
Wnere On animal wag Cxrosed.s 

*rinciples considsred « 

le Humber of Sazmles takon durine shoot = 50-50, 


Opened in severn] Series, 4-5,durix: shoot, 


concontrstion of + 


we 
fte anil it, B ive above trie tree; floor, 


» +, , r, 
Wht Chonbs 


urst eccidontly within trauch = rsise io.) Conceutretion ten> 


above Ponore] EVOPEA 3, 


bel] 
th 


“Ss uniform thr sa tuut sector, 


ezoeTrizsnts, 


fine ot firins ~ dependant on Jucgenment of of ficer 
in caarre Sacbles from all barts of t:e 
Waist tisractor 


Gineral everare or these 


Y due to weren distribution of S35 in trench, 


Re Found thst reverses o% 


o Urmiceeessry ta disorivinst: bsteven Sarivles % 


Se Concontration onitieca WGecdi tely efter shall 
orarily 


Se Results o ticld tests found to cheg: very well 
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ion. of tus physiological and chemical 


(reseh from natural Sectors, 


some we ee . meat gh a ee teeteee Gee ee soe Reel te ee ee 


, 3 
Par 5 : 
r5 ah -§ e rs 
cs igure asa Aa tT Bowes), wee 
is ee es Bg ate. 
pire” et ue : 
oy ge 5. « oh 
Ko, TRS “Bias 


Tis report covcrs the following trials: 


Tri Data a e io “itig f= boned B® 8 ww} Ot A A) om 


Rofererce scCCP 265 .00P 2756:0CP * CaP 4 GOP * oop ¢ gop ‘gop 
: _ $5670 3 3570 3s 3995 8 4021 A262 b42G2 


Bromle of Gei.ce enlouwlation = concentration as volumg of aie 
containing 1 volune of phosgene. (changed to mEe/1e } 


Wanber 5 shbot. Shell ¢%ota2 
Sector (mumbers fim efter zero at which semoles sbersts trims of 
of sampling = 3 g | in sshoot 
post tions ins 3°23" 3 4! 45% 5 6t5n 4 gt trench 

MESA RT oo : : g 


' : 05397 : 192 4 006308 4 
2 (l- B) g mil : 24533 4 * 3 81(%.8Ks 
5 0.6208 
8 1,104 112.617 4 e472 a | 0. 1162 | 
2 (9=— 16) § e47l 8 4,605" 5 Oed029 4 ies al66 108 g torn 


8 O21¢472 t 0.2944 | aac 
&S (17% 23) +: 0.4416 1 $ * 2 0.5868 ai25.9%68 


 Oe8832 3 g 0.8832 a | 

i t : t 13.0490 g 

: O.8832 3 0.6793 t Ce67SS 2 Oe4816 3 | | 
8 3 3 


~~ = 


7D 
£ (mt 29) , 8 33969 ¢ 0,639 


— 


Wiel oo 


2:'b1le 2 Corredntin, physioloctenl and ahemlon2 Gntn for 8 phosrone artillery shoots, Conoontratins in 


}t~ t . 
-DeOhsdie gos vector coleontrntion sSholl bursts:  Aotual Castalties, sectors 
Pot a a on a Se RCL a a a rare = ; 
Lo 14930" 926929850600 go clAAs : *X(20.0727) -s 3D 3 BD : 2D : oN ag, er 
ee ORR SN ’ 2 R £2746 : . $ $ 
i mA 59154299200 ie N : 8 } 2 37D ’ L $ 
3 : 3 : 2 2 2X(36e8(1) t $8 3 3 
w? 29°? 61.92 tX2e76 $4100431.077 8 ¢3(46 B(2) : 1D t 12D s 1 3.0. 283.0. 3 
q z ° PH eA 
A, $6°10"'¢091773 04402 209f!222%0916830607:36 2X( 2669 ) a1 1éu $1 S00, a a?) : 1D 8 
ar rarer ee ment ra on 2f : id 8 
5 S20 1B gL LOha Ge OULG2 00d 5la0eIO1s ¢25(27,8} sh LE 34 2 wv 12-3 s 1 3eC. 2 
6 212°? 30.40% 32.103 8022090359 80,055 snil : 1D : 2D oe or 2 1S.c,. 323 Ly 
3 | mere sa 
@ 382940" 40014722.108 $040: 52001ES8 30.981 snil 22500, 3: 2D s2n to Tse 11 -300,) | 
4 , 2 ‘ 3 2 8 | t 1 3.0, _f 
8 22°50" 30011020.920 Bee AelePGE 4 8X 16¢36(2 22 lL siD 8 2Yel. : i Dede 8 
: 2(21,08(4) 8 Jel t __ . 


Aes LL bursts Deutoxila ilies curing shootg Jeenmsovcre aiminitys LeeLicht eopualties ond vaninals not Raga, | 
ete Conscntrations eslaulsted by method 2, a : | 
Crouphae? rosults from €*p. rd ownta e 

X Mainly 4 etho 024m apme HOVora Casualties, but no light onsualtios or unaf Peated.e 


Ii Manly severe oes ltios tocothor with a fow ducths on tho om han, and some light ossuclties or wnat feo tell: 
on the othor hant. | | 


Ril itvinde Lache ens dtdoag 47 wEwereated, with somo severe casualties but no d.atho, 


Somary of regaltes by erouns ~ 


Craup Doths Sovers cammalties Light ormiultles,or uiaffected 

Z 26 8 0 

Li 4 6 z ; 

iil 0 a 12 2 
i 
| 


Table 2 Ae Coley): tot by m:thod 2. dn rye 


NoedfsTlis  ¢ wtglor concent y rtion :dhell 2 Actunl commitios, sectors 
shoots : sbursts in ¢ 
t : i 2 6 : 3 g 4 2 6 strenoh 2 : 3 4 
ne Ne nee 
L 42930" 824944 8 363 ! Sel54 $¢ t §(20,0727)2))* 3D $3D 82D) ! 
Ret: $ ‘ ; $ 3 8 2(27%e8 $ : g ‘ 
D 24 50397 3 DOLE s 3445 . D ‘3D 
: s t 2 t 4 +(36.8(1)) 8 r 3 t 
3 29°C" 210162 ¢ 3,154 : Je058 3 931.003 a :3(26.6(2)) | iD P1D s 1 3e0et2 3aCe 
ean, | 3 ¢ re 4S | g 
4, 26°10" 300147 2 00465 2 Oe736 31246194 8 s (26.9) es LIA 3153.Ce21D al dD 


SRNR LE CLES PY CORPS PCS OPCS"C RR RS PCHCAV Wer Wes rT ear oe 
5B s£t1D" 3)e472 $3 OeSLD 8 0e509 300509 3 31(27.6(4)) $s 2 140 e2 1Q-.s 


6§ sLiVO" 330597 : 16840 2 Oe491 302059 $0,065 ¢3 nil iD 32 D 3 


8 
LES SARS AS CS) AA TS, Oe eee ee eee, Meee ee oe Fe 
7 sR®A0" ¢16766 9 e766 3 10525 224760 20.960 3 nil s 1 dele 82D $2) a1 3.0 
coeneead 8 8 L SoC ead | 
B s2°BO* 60¢631 3) OeD5) ¢ e208 2314162 3 : (16.86\2)) : 2 1 3:10 £2 SeCotl Sele 8 


3 $ t 3 2(21,03(4 Je f 


Pe: 3 of 
i SeCesh deCe 
RAJ 


fete dumbers in brackets ure sectorenumberge Deaninals killed during shoots 3.C-severe casualties; 


TeUeLivot camlties ond oniwils not eassed.e 


Sumarry of results, growed. 


Grou Dontha Sevore oasirilties LIne Casi z Aanic Ti) 
I a1 v4 0 
Le | 8 5 2 
ILt 1 6 12 


Sco plotted rosults = 


Conolusionsa= 
1, Close concordance batvouen chemical and physiological datae 


" 
We 


Se Hothod of calculating Ge ele reliable, mthod 1 more acourateée 


a@ 


ATI © ed 


Indicative of relinbility of methods-field exeoriments in agreomnt with chamber experimentse 


D al Ge Ce 


# - sero timo taken from burst of first shell. 7 
“- Indicates direct hit in sector of trench at tim stated. 


General avovage conosntration for period of shoot calcrlated and stated 


Sectar Go uie Ue Shali bursts not (otal time 

1 1.920 " %.68166 me./1. 

z 2276 465484 id : 

Ss 1. 840 25.9764 : 9*o" 

4 1.077 - é Z 

pe i , t : t s 

Calibre 4.5" 84.5% %e5% 86" $4.5" 84.5% 34.5" 84,5" 
Data tLeptekisOct. 14 tdone 4, tJan. 12,! Ihr, Stor, 153 Reged, tacr,8 


8 2917 #1917 : 1918 s 1918 $1938 3: 1918 %1918 %1918 
Reference S0eCeoPe *tQ0ePo $&CoPe 8% Le tC.CePe 8QceP. sC.c.P, sGo.P. 
$7565 8 273 8 5670 8 $570 $ S99S 2 4021 4262 & 4262 


Dated tOct. 2,sNov, 11 sdan, 3, tdans W,sHar, 4,8Apre 6,%May 2,t%Apr. 6, 
$1917 3: 1917 3: 1918 3: i918 $2926 £1918 *¢ 1918 s 1918 
File No. XLII, 29:XLII,34 sX111,44 sXL11,41 sXLIl,fS:XLI1, 64: $ 


Shell type ¢C.le sCI. sCole C1. 1G le CI. tQI, tw I, 
$iik, V six, X «tHe X slike X sk, X alte X sli. X slik, X 
Burster t2£l dre 8s G1.C. 8 YILC. #6(b) tl smoke:Q@I.G *@leaeQieGe 
etrotyl s (a) 3: (a) 5 tpellet s (a) ¢ (a) ¢ (a) 
Ho. roumds , S88 +: 682 «& 68 & 22 s 61 8s 69 3:60 : 50 
Front yrds 3: SO 3s S&S 3 49 ¢ 40 + 40 3: 40 3:40 3: 4 
Time taken 4°" saton 39%Q" s11'0" s6°10" 3 2018" gotgnn gotson 


Range yards 31750. 81750 8 1750 $4000 $1750 ¢$ 1¥50. : .17503 1759 
fomperature® 3: : ‘ s t : : : 
vet bulb 3£5.5 842.5 $ 31.5 a 37 s 40 33 45 8 49 3°44 
dry " 855 $44 £ 32.5 t 33 $ 45 2: 47 3: 54 34 45 
groune 350 $e5 3 Wed 2 t SS: 45 3 50 3 424 
Wind velocitysle5 20] 3 7x4 $ 7et 2 Gel s 688 ¢ 4 3 Ges 
Gouci tions sclocr shuniad teloudy : cloudy tblue aogbius SCL -udyt cloudy 
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Report on firing trial of 4.5" cast iron hovitzer shell 
filled with phosgense oo a BE 


&e Mathods ie 
Mms = October 14, 1917 = 4:60 Pett, 
Artiliorys 


lop range = 1750 yards = Front engaged 30 yerda 
Effective area SOxS0 yards = Rounds fired 42 
Rounds in effective area 27 

" " * “" from rome table 29 
Rete of fire = battery-fire & seconds 
fine taken te fire all rounds ~ 4 mMnutes 


fe 


be §Jietoorolocior) Datas 


Barometer = 29.46 inchsg 
Thermom ter, wot bulb = 43, §°7, 
Ory * - 44.0°F, 
ground = %6.56°F, 
Wind « North,North Sas t-North,North West 
velocity Owl miles per hour with period of 
com lete calm 
Sxy cond Blue, cloudy 
Rainfall = nil .durine exporimantal, 0.012 inches durine 
previous %4 hours, 


Co Biola Results. 


Letected 1200 shh age Bouth Bast - ae trenches by pga oT Penere 


~ 400 _ ae r) # 

Position fine aftor Hight enous = oe eee ae 
Humber burst of floor of  Bee/liter . Volum of air 
(sec ori- first shell trench at phoszone . containin> one 
ginel re- when sample which som Volume of phose » 
port was taken ple was taken gone both at 

Ying Scce Ft. Inches | He Tp 
& Pe 0 4 0 4.12 2200 
& " ” i 8 5.08 836 
9 " " 4 0 4.48 826 
12 e . " . 4.69 965 
18 J * # = Oe 18900 
4 2 @ ¥ qe 5027 659 
8 " y : ~. 13.16 344 
10 " " " “ 10. 59 428 
11 . 2 et " 6.06 747 
13 " " 2 by 5.74 789 
14 " " 1 & trace ~ 
17 * . 4 0) 1.21 3740 
2 2 50 a . &e 50 1970 
4 is . - is 1265 2740 
7 “ = " ” 5092 765 
7 : a 1 & Lee 01 206 
d4 " ie 4 0 10. 76 420 
16 n a " " trace - 
2 3 45 " si 0.08 56600 
Bi Lane 1 8 4,50 4010 
3 : 2 4, 0 1677 £550 
6 ° c sea 402 41970 
15 " " ° " 4025 1070 
L3 ¥ it 1 r Be 2G 548 
A aty-out . @ 1 S cuove trace = 

floor of 
Guzout 

Zl " iy i 8 ” Ve48 449 


~ 2a: = 


Qo Joricological Resul ta: 
Arransament of animals shown in diagram - see Original report. 


Ns a : 7 ‘ e j 
Position Ho, | Remarks 


Goats wed Dead Severe Light Dead Servers 
in ‘elaos Class Casualties ; 
43 hrs. Aor B 0 including 


; deaths 


In trench 9 9 0 0 100 100 Of 9 rats 9 died 
In dugout 2 1 ) ) 100 100 One rat died 

In oven at 

SO yards 4 0 0 3 Of 5 rates & dica 
In open at 

100 yards §$ 0 0 2 0 wv) Of 3 rats none died 


Of tho 10 dead animals, 9 died within 16 hows and the othor 
goon afterwards, Greater hunidity of atuisphore may canse docomos ition 
of phosgene, so thet the Sphere of lethal travel i3 restricted, 


Ce Sonurkss 


Concentretion higher than in G0.P. “465. The figure 
1/149 in dusout at 3 cinutas=45 seconds fs hichest yot recorded, 


TA EY er ey aEN wee EEE EY wn BG en ere 2 “SEER Spee ee 


Zoe Co Co Po ‘106. 


Report on firings trial of 6t 0. I. howitzer sholl filled 


phosgene. . 
&  Mothods | 
Time = Saturday, July 27, 1918 = 8305 Pele 
S 
Artiliory Detalles : 


Ho, 6" howitzer used -2 

Type Cele "CO" Ho. of shell G 589 

Bursting charge C (b): propellant charge 2d. N.C.T. 
Fue 106 ITI, Blind shell = 0 

Han range (yards) 4000 = target engaged 40x40. 


Hounds fired (exclusive of rangas) 21 = rate of fire BF. 35s00/ 


Time taken to fire all rounds 4 minutes 2 seconds - 
eocuracy Very 200d. 


ke._ Matcorolorical Datss 


Bceromoter ~— 29.75 inches 
Tiormometor, ary bylb = 63°F. 
wet * = 56 OP. 
ground - 54°F, 
Wind ~ Variable, drift to dead calm 
Sky = Owercas te 
Roinfall = nile during esperimont - 0.04 ine during pre~ 
vious 2% how's. 
General Condi tions = very favornoble, mgy and nisty after 
Warm artcrnoon = grass very damp from previous 
raine 


Sampls FRosrene oal culated fron 


tah chlorine ce per Voius of air 
Dos Tiption Doe ics, /liter Voluses of air Liter conteuinin; 2 
sicsbaracniS r volume of phos= 
Volume of phos- reap ete es 


Sarples Opened 1 oP --5) 13099 — 0.13 - 85000 | 
15 a Ee Dulos es Be Ptor 


2 20 t 
ef aa e i e V4 QUI 
or 
tareit 0.04 100000 
a/4 hour after 3 0.04 109000 
end of shoot 4 0,04 1063000 Se 


Guinea pigs — one pip on | every 8 square re in serios 

in cages 4 feet above gromd level. 
Humber exposed = 49 Kunbor killed 49. Percent killed = 100 — 
Result aue to blanieting etrect of a aidan 


srayed Of Yaoor. 


le 300 yerds — from target - necessary to wear masks 
for 20 minutes. ; 


& A&rtiliery trenakes - 150 yards south. 


£0 goats and 20 rate in position, 
14 rats died, 5 goats light casualties. 


& Ford van containing 54 gninse ples (Killed ~ 4 
(Gassed = 27 
200 yards fran target - 10 min, 
860 " (third portion) = 30 min, 
lethal concentration phosgene 49 ming 
exposure, being 2,/50,000, 
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eed F ‘ So pak 
: a AW se Pt 4 crit Bg * oe ay Z - 

<i a gs de nen Ne ea WORE Re Uhy oe 
Jp. 7 - 7 ee ee oe = 


ewe te 


ee sey 


te 


mae 


Fs Re a AE eR gE me: TE am bm eg 


many fm 8 


' 
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5 . : — recess _ , PS he TREN REAR eat ogg be By ha SD PRESS, biz eh Std Lag RT Me teed 
CoN a PYRG tS Raa a Ne ET RET Lathe Teo ea APE A, MEO OS, SNe REO RUE oat ALA Rt el eee 3 NAN ES ki eo ° 
owe ee . “a - ats, r -c ets sai a . . $ 
14 Big he ate ee aah a ee . 2 ue oe a EUS OO - ate -4 a Na egy waanee] 4a i ; : oy Rye Seen % Spit PHA y bree E: aaa ae fois Be a aa . 
Oe mt fF u OV Are? bef 
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ae Co CoP, 216. ( 5594 } 


Report on experiments to determ F | 

termine the | 
G48 produced in the en by ty explosion cen Concentration of 
Shell ftlied with phosvens, gd eRe Bows 


af txzerg cast iron 


To Qsterrming go 
ution : acentration of Phosgene at varyire distancos 


Be time of Trials 


Jey 50, 1918 ~ 7495 poy 


= 
“ 


| ground 
ae direction « 5 outh South Rest 
Welocity - 1st exposure « 


: endo - 
Sky = blus | 

Rainfal] « nil 
Veather = fine 


Exkey POST Me Zs 1 Shall exnlodeg &t rest in Open, 
a. 


La 


e daring exposure or previous 24 hours 


USserver 
KO. KO. 


eXplosiou 

oapetagee at 
SLCh sr2n9} 
W2S  tatcan” : 


ie. /li tar Volumg o,; 
PA0Ssene 


® 
“ 


a. + ee 
et C, ait es Y 


an . . x . es Ss a pails . j a = ; , 

eee eet aoe wg ae ge fete St ig: oe _ oar 3 ae t se me! te ' : 5 

+ eg et sett yk oe 2 ng tee & x Vege ae a et oe os ayes tee TET TP eee Lt, an tid , 
Y on. in eg ene th aa n Sines i Nein ae Bea 4 


It is considered that concentration shown by «4 and 7 
sre representation of main cloude 


EAPSEL wNy MO. i ee 


a. S$ shells in line at intervals of 1 yard 
in open anc exploded giroltancously. — 


Observer Sample distance Time of 


‘Womber . Fumber from point explosion Me./liter Volune of air con 
of burst of shell at = phosgene taining one Yolws 
of shell «© which sample of phosgene both 

yor ds was tiken at H.T.Pe 
Seconds 
1 15 yards Approximately 5 0.08 6000 
1 2 . . 7 % 67 1200 
5 id ft 9 9,97 4700 : 
43 2 : 5 1.69 2700 
la 5) ey oe 7 1,28 2H59 
7 . . a: 4.50 2000 
ib 8 0 = os oy 2.66 1700 
9 te iJ ‘ 9 2 86 1600 
10 25 % il 1,04 44.00 
2 1 " : 1S 0.95 4800 
12 " " 1D 0.7% 6000 
1S . . 11 1,31 3600 
za 14 © * 13 1.22 S700 
ip ad # 
Oe: 15 ' 15 0,8} 6000 
16 8 " a} 5. 95 1200 
Zb 17 : by 13 1. 54 2900 
18 a " 15 0.66 7000 
19 58 2 25 249 1800 
3 20 . ° 27 2016 2100 
21 Wy n = 1.66 2700 
ZZ x " 25 25S 1.800 
Sa 23 8 : g 27 1.43 3200 
24 " n | 
co * e 25 1.60 2800 
red 26 8 : ae 1.48 5100 
B71 n " 3: 1.45 5200 


? 


4  Bemerss: 


Eliminating sarvls Ko. 1 which was obviously out of 


the cloud, | 
ra re Goma 
45 yards 1/1909 ' Be S% wre/le 1/1000 4.416 me. /1. 
2a on 1/3400 1,2986 * W120 026568 

6 « 1/2500 1766 1/1800 gu ok 


® umary of Resultes 


I, Where one 4.5" howitzer east tron = ooncontration 1/2000 at 15 Fares, 
2 208 mge/le ~ ti. 


II, Where three 4.5" howitzer east iron = concentration 1/1000, 1/1200, 
1800, ates, distance 15, 25, 60 Yards, 40416, 3.68 and 2,455 mee/1. 


General average concentration ~ 1/190, 1/3400, 1/2500, 2. 52K, 
1.2988 and 1.766 age /1. 
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10 yards, 2nd 1 yards 


i ae rw At. 
endl. 


Position 
Number 


CFP OF ty ps 


Pais 


Be GCP. 26, (1398). 


S2uAUENT HOY 
& ITkthod: — 


| | Report on experiments with C.1. 4,5" 
Moric I, filled phosgene, * ae 


”~ 


Time of fizing = April 26, 1917 ~ #110 Pek, 


Sas) i 
a 


~« 


10 shells fitted with $18 electric fuses, 2 rows = ons 
from trench Shells, 2 yards apart in each row, 


Ho. 1 failed to @xplods, 


be Hotsorolceioal Dates 
Barometer « 3.20 inahes 


Thermome ter = wet bulb 9 45.507. 
- = 51.5 fF. 


UrSe 
Ce Fiala Resvl te: 
> " e: r r R S72 SI a ON 


12.351 400 
16.97 267 
20. 84 217 


Fottle broken by shellsplinters, 


= 142 


howitzey shell 


Me. /1itor 


Yolume of air con tai 


(see orien ning 
@inol dig~ One volume phoss-eng both at 
0.4 ‘28900 


Humber 


fime after Height above 


ps 


bottom of 
trench at 
Which sample 
Was KeBsn 
Ft. Inches 


Position | , , 
Mg-/liter Volum of air. eon tain 


explosion 
Of shell 


ing one volwns phoszen 
both at Ne BPs 


pee 
© 
Blo » 
& Bp 

b 
gs § 


3S 15 18. 20 243 
a 20 11.40 397 
3 ro) 6.37 Tll 
3 45 0.32 14200 
3 2 ) 0.47 9650 
Ss 1 25 OSE 14200 
s . 
1 ee ee eee ee ee 
4 20 2 6 12.73 356 
4 bs 8) BE 6 11,21 400 
4 i oO ‘ et 0.75 6040 
bal ? 
5 15 3 6 6.22 ~ 728 
5 465 1 8 4077 949 
5 i 6) Ty tt 1. 25 56.20 
: oe : : 0.88 5140 
1 iN " as 
"pec | 


Position Tine after Height above - (Mg./liter - Volume of: Sir contains 


Humber explosion bottom of phosgene - dine one volume Pphosvens 
MA Bes tr ae : 
30 21 £t.8 in, above (0008 56600 
1° > floor level of trace ~ 
2 $0 Cugout capacity ~ 0.19 : 23800 
2 so 1272 oublo feet tr ace - 
$ ® flog of @ugout " | = 
| 4 & 21 £t.6 in, delow 0.08 56600 
4 Remarks, | . | 


de Concentration in trenoh high for 45 seconds - 
then rapid £111] surprising low, : 


& RBafablished point that phosgene oan be liberated 
from eXplosion of cast fron artillery shell in such a manner as to sink into 
trench, Probably concentration could not be as great in actual artillery 


fire. 


ial of the effect in animals in trench by 4.5" howltser 
cast iron shell, filled with phosgene when fired from gun. ~ 


& Methods 
“ine of trial - Wednesday, april 25, 1917 - 8100 Pou, 


értillery detailer 


Nc.and type of Guns = Two 4.5" hovitger 
Average weight of ghell 54 lbs. 6 os, 
Propellant charre = lst charges 

Fuse 44 Kcr III = x4 

Blind shell = } 

Bursting charge = 6 drams trotyle | 

Mcp range 1750 yords ~ front engared 20 yards 
Effective area 20 x 50 yards = rounds firca 5 
Rownds in ef rective area 13 - rate Of fire 3 rounds -~ 
BP. 2 seconds with psuses , 

Time taken to fire all rounds =4 minutes 
Acouracy of shooting = good 
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be = Matecrologioal Data: 


Barometer = 30.2 inches. 
Thermometer = wet bulb= 46°F, 
ary " = 49,797, 
Wind velocity © 5-10 miles. per hour 
“ direction ~ North East 
Sky = Overcast 
Rainfall = mi) during exposure & previous 2 hours, 


O  ticologica] Reauitar (see diagram in original report), 
| 


Wind wistaady = apgt part velocity 6 miles per hour 
frequent gusts .10 miles per how on yard front = 25 = 4,58 how! taer 
Bhell are Yequired.-each holding $44 eo, af liguid, a 
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Be ««eePe B16, (4505). 


Report on firing trials of 4.56"h 


shell filled with phosgene. % 
&®  Qbiacts 


y a 


~ ’ 


Owitser O.I. mark X 


To study effects with lower wind Velocity = comare 
report 4021. Previous results had show that effeots produced were 


only slight at this velooity,. 


b Mathods: 


AON ee nae on ee © EE Ae 


Ho. of 4.5" howitzers uded 6 
Bipe of shell QI. Mark x 
Map range = yards 1750 
Front ermgaged = yards ; 40 
Effective area a 40 x 
Rounds fired (ranges not included) 50 
Rounds in effsctive area 27 
Predicted ditto a 
Rate of fire gun fire 
Time taken to fire all rounds giao" 
Pireation of fire enfilade 
Accuracy of shooting good 
Bur sting charge ~OILG (a) 
Propellant " p20 
Fuse Z 106 Mc, III 
Blind shell 0 ; 
G. cteorolocical Data: 

Now of 4.5" ilovitzor 6:40 2. 
Bsrometer inches 23975 
Thormome ter dry bulb 54° 

we t ” 49 i 

ground . 50 
wind dircoetion West lorth West 

Mainly | 

Velocity 4 oe 
Sicy : blus - cloudy 
Rainfall ~ during esperiment nil. 

Qurins ocrevious 24 hours trace 


General conditions 


very favorable 


Seation fire 10" 
2'50" , 
Frontal 

very good 

OLS (a) 

24 

106 hic, III 

0. 


North North sass 
North East 
$= 6 
Blue = cloudy 

l. 
0.01 inctes 
favorable 


SREY AA AOD TEIN AEN ee, ees Saas 


ee ee Ae ra 
ae ees 


1760 yards from trenches ~ detected by alight lsohr yation 


and test paper (burned paper yellow). 
£500 yards from trenches ~ limit beyond which not detected. 


x19)1 6: 


_ 1760 yards from trenches ~ deteoted by strom odor ~ no 


iachrymati oan, 
200 yards from trenches « traces detected by smell = no 


indiostion on paper. 


Bo Koyslological Detatieg: 
See aizinal Feport for arrangement of animals, 


v 
~ 


Position No. of Cag witioes | Percantacas 
Dead Severe 


G0ats Dead in Severe Light 


Bed 48 hours (lass Class casual ties 
“or B 0 inaluding 

in trench 8 4 4 0 50 100 
In open at 6 0 1 i 0 20 
60 yards . ‘ 
In opon at 4 0 Q 0 0 0 
7% yards | ; 
In open at 3 oO. 0 2 — @Q 0 
OO yards z 

Mil 14 Gostay 
In trench 7 1 4 £ 14 72 
In dugout i 0 ¢) ¢) 6) 0 
In open at 4 0 fe) 2 0 0 
&) yards ; 
in oven at & 0 0 i 0 Q 
76 yardg . 
Zn open at 3 0 8) 2 : Q 0 
109 yards : 

R42l1s Rate; | 
In tronch 8 7 9) 1 87 87 
In open at 2 i 1 0 60 109 
tn feel S O 0 5 0 0 
ue 6G 0 0 1 0 0 
100 yards mene os 


|. 


NLR ARNT IES SAIN DT 2a 
1 tao ah Fees a ee 


Posi tion 


trench 


In open at 50 years 
| a | 75 t? 
" ¢ = tt et 


ideas cee a caters Wee mel ee ei a ee a ek ee oe 


Hoe Of 
goats Dead in 
used 48 hours 


5 £ 
4 1 


i £ 
1 2 


Severe 
casual ties 
ino luding 


i 


HeB. ~ In trial 13, due to slight wind change from that prevailing when 


path of the cloud, 


Biola Reaulin. 


. 


animals were placed in position the mjority in open were not in direct 


Ge 
Posi tion Time after Height above Hg. /liter Volume of Liquid 
mruiber explosion floor of trenah phosgene air cone filling 
wee origi= of first sat Which sample tainirg agene 
nal diagrem shell at was taken one YOl= 40 668, 
which san= | wne phos~ per cubic 
ple was ; gene both mater of . 
Mine feo. Ft. Inches 
1 20 4 0 : trace ~ or 
3 . a 8 tt ont = 
7 e 4 0 0.22 20000 0.154 
12 " tt n trace = ~ 
16 tt " " 3. 78 1200 2.640 
19 x 1 8 1.235 3700 O. 859 
23 r 4 o- 14.12 ° 520 P. 860 
Bm 4 1 8 126 3600 0. 873 
b : 4 B FS? 25000 0,140 
17 . $ 4 oot 1000-5 S24 
16 8 1.69 2700 
20 7 4 QoQ 5.13 38 2 380 
a i 2 & 1.58 2300 1.110 
27 - 4 0 8 1500 2.046 
i 1 . : 2 4500 04740 
: _ A . 0,53 9000 0.870 
if of : : 59 1300 24507 
rT a i ) 8 12 1900 = «_- & BYE 
19 tt " 4 0 eT set = 
208 
a er 
8 a oa = 0 0658 8000 O2408 
10 te " e 2900 1.082 
13 n cf : 217 2100 1.516 
7 ‘ : 2 1.89 24.00 1.320 
1.60 2800 1.1128 
~ 147 = 


Position me after Height above Mg./liter Volume of atr Iiquia ‘ 


explosion floor of containing filling 


606 origi= of first trench at ar: Vol une phosgena 
shell at Whick samle phosgene both {in cds, 
. Gagram Which sam was taken : at H.7.P, per cubic 
ple was Beater of 
eS 
SSG 
Hine Seo, Foat inches 
16 b 40 a 8 nij. = = 
18 - a | 0 trace & 
22 " s " is 0-86 O» $91 
21 " ~ p | 8 0.56 8000 0, 391 
26 Lg 8 4 4) 0. 22 20000 0.154 
£8 dugout * " 2 8 nil, a = 
2 " me f 8 # = as 
Sector Samples GoneFal Averlow GD 
Sector Samples Genera) Average Concentration = Volumes Time of 
Rumbers of atr Gontaining one volwne Of phosgene shot 
2a ereeee NERS 19-year geome ee 48 2S ae EL <a ae CCE | 
1 1-4 30000* 
2 511 2100 - 3 a 
5 12-20 1800 2 linc. 40 Secs. 
4 21-25 £800 
5 £527 4500 


*-Shell burst very close to trench at end of shoot whi oh may have given 
high late concentration, G.A.d. for Wnole period-= S000, 
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. : . oe oe - 1. iv} 
© . = yg Way a oO ey mS oe Sey’ 
: 7 ata t ATI SV Ras Be ee I OL hoa a te carer g 
a » Le, *, 2 + ne tow Bw Pe Ty ee ane tae . Raa Ver MA toe > Le 
——™ ARN Nok Se Ey wy Lies erate RAS i ¥ 

en Se Paes, ne a ee 


Position Time after Height above Mg./liter Volume of air Liguid fille 
Humber explosion floor of _ phosgene gontainine } ing phoszene 
(see ori= of first tench at = +. WOkume phos= in gos, per 
ginal 6holl when which sample , . . €6n9 both at oubdle moter 
report sample Was was taken ee eee of sample, 


5 25 4 0 nil. baad = 
20 " 4 m 0. 84 6000 0.687 
u a 8 1.28 8500 0. 894 
15 . 4 0 0. 58 8000 0. 384 
ry . rt ° 5 0.24 19000 0.168 
0. 89 §000 0.622 
& é 
27 ‘ os a 0540 11009 0. 279 
47 e é i 8 0.24 13000 0.168 
fs fn ) 4 ? 1.03 #600 0. 719 
rs Ce 
§3 8 f 1 8 Be Pe 6, a8 
aa : 4 0 z= o 3000 1.047 
hy = eau e oo] an 
pep . i =< = Ons 2000 Ones 
2 - é 6 4 0 nile fa nae 
por go $ ERO og 
12 ; @ a 8 0. 75 “000 OC B24 
16 : , 4 ) 0.52 9000 0. 363 
S2 " " = 0.78 6000 0. 
" @ : 5 ve 76 6 0. §31 
:. 0 
r g $5 : 0. is : 25000 os 
y " pe ® = = 
1s fi i ¢ 9 a sone 0.084 
ig a pg 2 90 1609 o OBS 
: 4 0.12 40000 0. 084 
se » «@ 32 8 be 52 10 3017 
2B e tt " 9 rh ue 1000 Be 312 
" r a © 
S) Shelter os on 3 0066 230 0.476 
dl pager " 4 t " ) 16 
S2 eee ee W td ve ; F a $0000 : 0.112 
i dirour | : 0.92 6000 0.635 
24 a bo 0 ee | a7 11.640 
> Ye 207 15.250 


& 
Samles taleen 50 yards from trench at 1 ¢t. 5 ineses above srou gd level. 
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NEw oy or ep» 


! 


frsnoh Samle ‘Time of Gexeral 4vcrase Concentration ghell burst conteh~ 
Sector munbors shoot stated ad volumes of air com tration not inoluds 


in taining one volume phos-ense ed in sector figures 
2 1-8 % Min, 40000. 021104 lee /1e 
2 917 60 Sade 4500-00 2 “©2700: 16. 365 Me. /1. 
3 15=25 1900 23% sd 
& 26—29 3600 12617 *% ZO 82,05 


Sectors 2, 5 and 4, which show ths effective area covered by the cloud glve 
& goneral averago concentration of 2900., 1.5227 Mz ./1l. 
General average corsentration for total periods 5800, 1,162 me./1, 


f- Genera) Ramorias 


de Weatior conditions = less favorsble in trial 14 - 


Variable wind, 
R artillery - distribution better in trial 18 than 


in trial 14 because Nathern end of target received mmoh leas attention 
then Southern end, No. of shells fell shorte 


% Concentrations phoszeno = not go high in 14, 


4e Arionl easualties = high percent deaths and severe 
Casualties ~ 10 ¢ald sed in trench. 


Ge Penolucionss 


1, <A surprise shoot with 60 rounds on 40 yards at 
1750 yards map rare may bo expected to rondar majority of occupants 
of target eithor deaths or Bevore Casualtiss, ag 


Ze Require very socurate shoo tingand fevorabdle 
wentiere Lost fevorable wing 4 miles per hour or under, 
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ae 


& Objects 


To dcterming which is the most euitadle nature of 
shell to employ for “surprise * Ghoott, 18 pre, 4.5", or 6" howitzers, 


be =e ksorvoloriog] Ratas | 
Wind velocity = 44 = 10 miles per hour 


Ground temperature ~ lower than air tempera ture 


(exact temperature not stated) 
Weather conditions « feneraliy favor able, 
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4 
t 
i 


“ 


co, cLiald Rests: 


Commor tic Pirin: trivia of 18 nir 
@rin 


LE or Ce 
Noe of funs or 4 4 
howse used 
Typ of shell Cele Cole XI 
Burstin: charge Fuse (Colle) 
only (a) 
ipo 206 III 106 Tif 
IDby wince In yards 4050 4050 
Tarret engorced 5Oxh) 80x50 


Noe OY rounds fired 70 35 


Rate of fire Bake Bee 
i Sece So 8066 

Sino taken to fire @ mine 4 mine 

all rovnds Z 8OCe & 8006 


Aecurcey of shoorting very good very good 


Volume of phoaseno 3405 29 0d 


used (liter) 


A" Row 


& How 


106 III 
4050 
60x60 
17. 
Bele 
10 820 
2 mine 
57 8€Ce 


°37ed 


& 


Cale 
Fuse 
only 
106 III 
4050 
50x50 
43 

Sra ge 
Gels 


l mine | 


35 8806 


excellent poor 


Lhe 


Oslo g.1 
C (>) G (fb) 
106 XII 10@ 772 
4050 AD 


Galibre of litres 2 _Gasunlties =i (tt preroet lean percentage of 
gum phosgene Khited Killed & qasvesities per 10 lifters 


effective gassed 


6" howltzes shell filled phogrome stmerior to either 
18 pr. gum shell or 4.5" howitger sholl, filled phos one wider varyirg 
conditions of time and waectier. 


28.0 OCs Ge ULL. 145S | 


Uae of chliorplorin and phosgene mixtures in field gun and 
howitzer shell. ie ee 


e  Mathods - ee 
Artiliery Dotailar 


Shells = 4.5" Howitzer, steel, GT 

Hunber of shells = 50 

Filling = (hlorpiorin 75% = Phosgene 25% 

Prenat engaced = trench, 40 yards from fow howitzers 
Booster charge - 16 grams tetryl surrounded by paraffin wax 
Puge - Bo, 106 

Timo of firing = 4 minutes, 53 seconds 

Shell fallize in effective area = £8 ont of 50, 


Kind of Noe in Dead within Dead within Dead within ftal Percent 
me . ts ix? Ay DOW s ‘ s < SEL 91A3 0 
Goate 14 9 Q i w 71 
Rabbi ts 8 4 3 0 7 87 


Rat 4 14 Q Q 14 100 | 


Two goats in a dugout = did not dicd within 72 hours, el though 
i did so half a day later. 


Pathological exswinati an shoved dango to, lungs and biuwd, 
eufficisnt to render animils which live unrit for-physioal exercise, 


Ce #isld Resultas 
Mixture does not give adequate smo for raugins prurocose 


Critiojam,: Tho work on goats is repoated in ¢...C. 77. The 
data given hore 1s very meagre, especially that 
pertaining to meteor oclogiral conditions. Some 
additional data is given in O.2.G. 7 but wielher 
or not tris is aysliesable to the wholes ‘ov this 
Work 1s not rnorne : 


a 
? 
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29, ColePe B17e 


Renort of firing trials. of 4.5" how tear shell filled with 
phoszone and chlorplorine owe 


BEAL Hoe Zh. 

a  Hathods 
April 26, 1917 = 6:46 Pol 
Artillory Ratailss 


Munber and type of guns used, tro 4.5% howitser 
Averago woight of shell, 34 lbue 8 ons. 

Man rouge, 1750 yardse Front ongaged, 40 yards 
dffactive area, 40 by 5 yds. Rounds fired 70. . 
Rounds in effective area, 42. 

Rate of fire, 3 ronnds BF. 2 seconds with pause 
IMm taxen to fire all rounds, 10 minutes 25 seconds 
Acouracy of fire, very good | 

Direction of fire, endiZade 

Barsting charse, 5 drams f.HN.T. 

Suse 44 Merk HI x A 

Blind shell < I 


b Hetoorolonical Votss 


Barometer - 80.2 inobes 
Thorinone tor - wet bulb = 45, 7°35, 
; dry " @ 50. poy 
Wind direction ~ Weller. e 
vaolocity = & milos per how 
Sky ~ cloudiny ovor after fine day 
Rainvail = nono during test, or durin; previous 24 hours 


Ne 
Arimeis Noe in Doaad Daad Dead Total Percent 
Goats 13 7 - - py ap 54 
Rabbits 14 = ae o- ae 7 
0 oo = — * 20 92 


= 155 = 


dq. Pomuter 
Mo results are attributed tor 


1. Low burstis charge. fhe mix ture was not suffici- 
ently atomized. 


2. Relative efficiency factor of clouds formed from 
thea 4.5" Ocele shell, holding 625 00s and the steoi container holdirg 944 oc 
fe cast iron shell is not as dfficient as the steol container. 


Attention is called to the low morteLity among 
the rabbits used. | 


Srial Hos o2 
e Objects 


fo get fur ther” information regarding rato of f1d66 


de Mathodr 
April 25, 191% = 6300 2 


Artillery Dofallas 


Hoe and typs of guns used, om 4.6" howitzer 
Averace weight of sell, 34° lbse 9 -0s8~6 
Propallant charge, lst charge . | 
Bursting charge, 16 drams trotyl ~ 

Uop rance, 1750 yards - 

Front engaged, a) gurds 

Efrectivo area, © x W yards 

Rounds fired, 25 

Rounds in effective mea, 15 

Rate of fire, Be. B seconds: 

Tima to fire ail rowmds, 13 mimites % seconds 
fuse, #4 Marx IIL x A . 
Bijad gholl, I 

Direction of fire = enfilade | 

Acsumacy of fire, Very Gudde ” 


» 156 = 


be 


ce Motoorglocianl Patas. 


Barometer = 80.2 inches OE 
Tieruoweter - wot bulb ~ 45, 6°r, 
ary " = 49,107. 
Wind, direction - We (unsteady) 
valocity » 2 miles per how 
Sky, overcast, rainfall, none during experimont, or 
previous 24 hours. 


Animal Noe im Deadin Dead in Dead i Tot Peroent 


& C < 


Rasp ge ee - " ~~ 100 
Rabbits 7 4 i - 5 71 


e.  Souciuaionss” 
13 shell fell in thy effective eres and S burst in a group 
south of effective area. Tese wero effective because when they burst 


the wind had ohamced to southwest end the clouds forued were swopt right 
elong the line ox the trench. 


Mo shell did not give adequate smoke for ranging purposese 
Tro gas appeared to hag. about ‘tho trench much more than 


in trial #2 and 16 minutea -rter firing had oeased thero was still a 
distinct haze in the trench. ra 


Tis was the slowest rate of fire so far tried and Five 
t.e best results with phosgene and cilorvicrin and ons of tho best results 
reoorded in any triele 


- BO, AeteHe 176 (OG Fe | 


Persistensy of a mixture ‘af phosgens, ane chlor opiorin 
liberated from artillory shelle ie 


Be mathods 


Artillery Dota. 


Eholls: S&tecl, 4.5", containsr type 

How fi2°ed: From four howl tecrs 

Ranges 2400 yards 

Tima to fire all rounds! 11 minus 

Collection of Semplest Samples of atciosphere 
in the woods, aud in tho cpen, where corm 
contrations of chemicals were highes te 


>, Katogroloctcal Datax. 

Wind velocity » § to 7 miles per hour, 
o.  Toxtoolorical Results. 

Le Lacie Effects on animilse 


Of six goats exposed and examined, two wore found to do 
eutferins from g2s poisoringe The »etholosical examinations saowed that 
three goats might be classed as light cagial tlode 


Le Toxic Bffests on Chaerverss— 


Strom lechr:imition was expetienced one minuto after 
cossation of fire. Eicht minutes aftor firings, lecurymtion was exjeri~ 
enced mex tho ground. 57 minutes softer tie last bist, the woods were 
freo fro: Vaporse i 


do Qonclusionas \ 


uch greater under surface persistoncy Was to bo az,ected 
{n en area previously bombarded tran in fresh sofl, At least five days 
should elapse after bombardment with sholl filled with cilorpicrin and 
phoszancs before unprotected troons dig thimeelves ine 


Criticism: P.Ge, tho rixtiwre wed in trese tosts, is 
enpirently a dainite mixture but the proportions | 
of phos:;e:6 and culorpicrin are not mown, — 


Sle Rich tery Burrell, ian Ogleabye Kuhte 
: * &D VILLA) | 


= ck : (le 


Roport on 60/60 mixture of shlorpterin and phosgene 
fired statically from & Livens projectiles . 


&  QObjogts 


T detemnine the lethal area in trenches from detme- 
tions of Livens projectiles, containing 50 percent chiorplorin end firty 
percent of phosgente 


be Mathods 


Livens projectiles containing 12 litera of ea mixture 
wore fired statically in a trensh. & O%e bladgpowder used as boostore 
Eight dogs at 2 foot intervals on each of the pro 


goctile wore exposed for thirty minutes. 
Timo of firings 6:54 am 12/8/18 © 
Bxtent of gas clouds 164 fect to left of projectile 
80 feot to right o projeotile, 
Lothal ereas 144 fect to left of projectile. 
4) fect tb richt of pro yvotilo. 


eeperation of gases: After some distance, the phosgene 
Was ahead. 


oc. Hotegrolocions Datos 


tind volocity: At tlm of firing, nil. Average for the 
first fivo minutes ono nmilor per hour. 
Tesporature of airs 
In tren) - 537i. 
Growi in tronch = Eizech, 
weathors Hot given. ( 
Rolative huaiditys 943 
Baromotric pressures 29088 inohose: 


5 
de flold Rosultos 


arrangonont of siciplere: Richt groups ar ten samplers 
eoch wets placed tuenty fact anpsrt for a distance of 10U feet, to the right 
end left of the projootilo 


7 


t 
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CONCTITTUATIONS 


Comontration Tee e/ dg 
Chlorine 
Intervialg in Jeoorml 
TH 30 30180 33 
oO) ef 5 
4945 9.06 eB 65 1.17 a ome 6269 064 07 Py >.) 
10,73 10,25 1-55 62 eb? sllecO = 1,09 ASG a 


6-48 8959 5 65 B22 3.80 3 7203 7eo8 — 6 e20 3018 
2276 wen 6 ed6 9 42 10,85 b | 1.05 4e94 5 e0Z 6,46 5 69 
eke ~tn e8S 096 2.92 8 one! 0 ef 
200 200 200 e000 @0 | 


= OFT = 


‘loud rolled. out over the trenches, settled 
£111 the trench and on over the ground 
ection. After four minutes this part of the cloud had 

fo main part of the cloud, scoording 


A largo part of tho 
to the gyound and advanced 80 48 to 
in an easterly dir 


advanced beyond the trench systete ) ma ne 
to the observation of the Oy, olimbed out of the trench 160 feet to the left, 


and 50 feat to the right of the projectiles 


In this list it must be kept in mind that a highsr concentra= 
tion is gemrally realised in the part of the trench ocoupied by the dogs 
than at the top of the sample bottle. 

after twenty minut es it was impossible Zor men to enter the 
trench without masks, within 59 feet te the right, an@ 150 feet to the left of 


the projectile. At this tim the odor of phosgene, could still be distin= 
guished, although that of chlorpiorin was still predominant. 


After tventy-rive minutes om -could advanos to the distance 
of fifteen fect from the crater, from the left side of the pro jeotile and 
to the right to about 100 feet from the crater without appreciable dis oom or te 


e. Zoxiodocics) Resultar 


160 foot, loft lachryration, depression, saiivation Severe casualty 
" a] tt te 


140 ® 
- - trecbling, rapid and.shallow respira= Death in 12 hours 
tion - = 
1270~C~*SN rt Sneczirg, lashrymation, ‘salivotion,in= Death in 12 hours 
: . cressed nagal discharge, retehinm: | 
200.—=COo" id Selivations lachrymation, retching, § Death in 5 hours 
dyspnoea 
so * a Brlivation, lacurywation, nasal dis~ deat in 12 how's 
" Guarzs, AySpnosse 
60 (* “ Leshrymetion, salivation, retching,: death in 12 hours 
. : avy5 2N00 Be 
40 " mn Suiilvcetion, lac..rymation, re tonins Dsath during exposure 
youl ting, dyspnoea. : 
6 " Wildly excited, salivation, lachry- Death dur ing exp osurs 


- mstion, voritins, gasping. 
2) faet rizht Widdly excited, salivation, Lachry= Death during ex .osure 
metion, retching, vord tinze 


49 " " Bxritorrt, cBllaose, lachrymti | 
. DBS, jhe tlon, Leath in 10 hour 
- : Balive.tion, retcsing, vomiting. rs 
60 . Jachrymtiong salivation, marked Sovere casual ty 
. : doprossi on. 
80—sétt' . Lacirymitiou, sclivat ion list cesuslty 
L00=160 fect” None Una? fected, 


~ 84 


{ho lethal erea fron Livons , with e 60/50 mixture 
of phosgene aud ehlovpicrin is 180 ‘fects 


Dogs showed symp tome of shoazets only, 60 and 80 
fect to the left, and 160 foet to the right of the projectile. 
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(s2)e CeePe Be 


Report of firing triel of 60 pdr. cast iron sheli filled 


with phosgene and onlorpiorine 


Animals used, cats and goats. 


a  Qpicots 
To so tho marked results which oan be obtained from a 


{#8 woll placad s2cll, villed with P&., at low temperature (27.5°F). 
(Tho shooting in this trial was the worst ever witnessed at Por ton). 


bh  Metiods. 
Tims = December 19, 1917 = $:D PM 
fritillary ratas 


Map ranga © 1750 yardse ‘Front engaged = 40 yards. 
EfCeotive eran © 40x yardée Ho, rounds = 32. 

No, rounds in effective area = Te 

Direction of fire = frontale 

aAmwracy © very poor, ‘Time to fire sll rowds ~- 9 Mimites. 
Eate a fire B.S. 16 secondse 


No, of oxperimeut = 22 - 

Noe af howitser 6" wsod = 3 . 

Type of si0ll ~ Cale, Hele design PORBA (}) with side 
fillin: bole gnd stecol container to Rele De 

527A ag used in steel shelle 

C Tipo number = 0 574. | 

Borcstin: echarca = 6 (o} 

Progollant Giarge = 1st 

Fuse = 106. 

Blind srell =< O. 


Ce fatracpolor DB : 


Borometer = 29¢96 inches = 
Trermometer, wet Pvlb, ed Fe 
Gy " 27,5 Fes 
gr owid 22 te 
Vind = Neiie,g Velocity ~ 5 miles per now 
Sxy = bitile, clowly 
Raimsil ~ none during ezwerinent, nons duriny previous 
fA hourse 
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Position slst shell 
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+ teed in: BSeveresLight:%.Deadsh Severe: Remarks 
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$ 5 z q 4 8  s0f 4 cata 0 died 
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Iu open at 8 t $ t t s $ - 


Though no oats died, attopay showed one at 75 yards was 
severe casualty, one in tronch light casualty, | 


Cats wera waed instead of rata because of the extremly 
cold weathaor, - . : 


Observation on t:avel or th- phosgéne Yapor.  Uloud seemed 
very slight to observers 1190 yards from the artillery trenches aad was 
quite invisible long before 1¢ reached thom 


The probable direction of drift had previously boen sho 
by means of a emdks candle and with 2 observers moving backwards and for- 
wards at right anglea to the wird diregotion, the points of maximun density 
wore probably forma, 7 og 

In the Yield 1100 yards from trenches, phosgene and ohlor~ 
picrin could be dstected by sme?l and siarting of the eyes, phosgene by 
smell, by paper test and by slight “totasco" reaation noticed by one 
obscrver. This observer on moving 200 yards further avey fron treroh, 
lost all trace of the clond, ' 


Le PA gle Od “4 S 


Ccanidering that only 7 shell fell in the effective ares 


(one shell fel) nearly on £0 yerd line) 1t 1s remarkable that of 7 goats 


in the trenches, 1 Wat Xilled and 5 rerderad severe casual ties that 
Out of 6 goats in the open at 50 yerds from trench and 1 out of 4 ones in 


open at 75 yards from trench were also reudsrad sevele casualties, 
Average nunbar of casualties in previous trials, 85% in 


‘Chis experiment, 68%, 


ke Conclusi ong? 


Phosgene Gan he wed ai fe stively in cold weather, 
band 2% ous 


SS. Oe OePo Se 


Firing trial of 4.5" howitzer eholdy, container type, 
filled phosgene and chlorpicrim, .-- 


yr? 


a Methods 
Artiliory Detas. 


¥ront £0 yards, map range 1750 yards 
Effective srea 20x30 yards 
Rounféz in effective area 15. 


be Moteoroloriag) Petar 


Barometer = 3.07 inches - 
Temperature, wet bulb = 41,5 Fe 
" @ 

ground = 427, 

Wind direatiqn = S.R. 
" velocity ~ 7-8 milas per hour rising to 12 miles 
; per howe 

Sky - overcast 
Rainfall = none during experiment nor 2 hours previous. 


Gc Toxicological Results: 


Position of +t WNoestDead in sSevere sSlight : Eamarks 


rOa bs POHTS 249 DOUS i Ooeund pyics sus 
§ $ 4 ¢ - & : 7a. 
In trench : 4: 0 .t Q : 2 94 rats O died 
In dugort s ls O s 0 : 1 7% 
Open 50 yards $+ S&S 3 O : Oo s 2 om 86" oO 8 
ne 75 " s &$ 3s OQ s QO 9 3 * 2 " 
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mA, Coi7eCe 95 = OB 6, 


foste with 4 inch Stokes filled with phosgene and 
ohlorpicrin, ~ %¢ ote 


Artillery Peteile: | 


| 41 fow inch bombs with service bursters fired from 
1 Stokes mortar, 


french front yards at 340 yard range, 
Tim taken to fire al) rounds 1 hour 20 minutes, 
Direation of fire, enfilads, doouracy, fair, 


be = Mateorological Data, 


Ground temperatures sa°F, 
Wind Velocitys 1 milag per hour, drifts Variable 


in direction, . 
General condi thous; very favorable. 
Co = AL colhcgical Results; 

Position soa, of €0atesDead ineSevare ihlignt tPercent=; Remaricg 

$ Ded t48 hrs. soasual ties ‘Casualties: age 

LGis396.0F bt glass 0 + dog 

t : : ! | s 8 
trench 8 8 s 8° 4 0 g 0. | 4 100 39 rats 9d Rid 
dugout 8 i $ Jes 0 2 9. $ 200 32 *# om 
In open at: ° $ ’ : : 2 
SO yards 4 5 ; Oo 3 a $ $ 0 6 " of 
In open at 3 8 $ a | 3 - 

‘ " 7) 


Travel of cloud, , 2 

500 yards from trench, phosfene Btronzly in evidanoe before chlorpicrin 
Was detected, 7 

800 yards from trench, etill observed 25 minutes ,after last bomb, 


ad Observe tions: ay 
(2) Highest concentrations Phosgene 8.27 me /1. 
Chlorpiorin 8.40 m./l. 


(2) sa animals in trengn killed, 
(3) Chane in wind prevented gas from Passing over 
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faimals in Open, 
~ 167 = 
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%. Roborts, Mayton, hrrell, Oglesby. 
BoM, ELAVI=28, 


Concentrations , toxioity and persistency of a mixture of on 
Ohlorpiocrin and hosgeno fired statically from a iivens projectile in a 
Wenoh, Filler: 5.94 Cc. chlorpicrin (90.1% pure) and 5940 
ce/ +jpsgeme (98.1% pure). ge ae 


Se Mothods 
Artillary Date: 


Time of firing = October 18, 1918 = 8355 ay. 
Quantity of load « 11,880 cos, 

Boos ter charge - 6 omoes of black powder, — 
Fragmantation = well Opened, 


be = Meteorological Data: 
Wind velocity » under te per hour, 
Tomperattre of air~ 53 o 
Bompersture of ground = 51°p, 
Weathars clear 
Relative humidity = 94 percent 
Barometrig Pressure =~ 29,88 inohes, - 


0X. 100 feat to lert 
200 =6.00~—S—s=«w00 900 "200 000-100 feet to right 
6.69 .07 1.92 6.49 | 009 Ze £0 60 fect to lett 
008 200 201 elZ sw 06 209 60 feet % right 
12.20 046 4.19 oe 98 045 1.90 : 40 feet to left 
1620 600 60s LG 057 = 1,.06 4) feet to right 


758 818 6.70 8e22 2625 3e62 20 feat’to lert 
% 0 


§ | 
Ko dora died ss & Fesult of exposure to this mixture, 


. od 
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a > 
2 dig 
e Results 


Toxic concentration obtained over a front of 160 
feet. Thirty-five minutes after firing, the mon Jachrymated 100 fect 
too the right, and fifteen fect to the loft of ‘the drum, Phosgene 
was not detected. Me how after, the trench was untemble 200 feet 
to the left of the drum, due to the shift in wind direction and 
velocity. Bro hours after firing, chlorpicrin was not noticeable 
80 feet to the right. It was unbearable fifteen feet to tae right. 


Twenty-four hours after firing, it was unbearable five feet ta oi ther 
side o the projectile. | 
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366 CeveCe 51, 5H & BAe 


Field . 
Rumber Duration Direction of Wind vel. liters of — 


rank SHELL Bursting Range Front 
Noe lo. Type Charge Yaris Engaged Rounds of shoot fire miles per ohemicals from 
: hour effective shell 
per yar front 
1 4 Bt Ctre 16 dre 1750 49 50 4 32 06 frontal 4 oid 
tetryl 
2 2 cCimUMl 5 dr. 1750 40 70 10 #£=28 enfiiade 5 906 
3 2 St Ctre 164r e™ . 1750 20 25 13 36 " 2 206 
4 4 St tre eh 1750 40 50 7 10 frontal 1520 ell 
Ctic 
55 2 SteCtre ” 170 20 25 5 $6 frontal 5~8 219 
6 2 ItLtre " 1750 = 40 51 6 1? enfilaie | 6-1/2 210 
? 2 St eC tre . 1750 40 §0 7 9 frontal 4 90D 
8 2  St,Ctre vs 1750 ao | 


Yotes 
Meogry go00d" e 


Srvtol Noe 


ath the exception of trial 6, 


in which the aoouracy was 


‘ 
ie ep ee ee 
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eee : 
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Ste Ce Pe 1%. 


Camarative firing trial or 6" “5, he tae eho filled 


with (a) Qiiorpicrin 80% - Stannig. Gil or ide 20% 
(>) Phosgene = slorplords — mee 
SB Hethods 
ae tiliery Dotatlas 
fho:ls Chlorpiorin 90% Phosz ene- 
BeP une Chloride 2o7 Meth OF DIO 
Howitzer, 6 
Rumber used, | i 1 
Cele 0.1. 

"O" Number of shells 0 16097 CG 336 
Birsting charge: © (e) 0 (a) 
Fropellant charse: fad Ballisti te Zod Ballistitg 
Fuses 206 Il 206 III 
Blind shells | @ ; 0 
Map range, in yards; > 4060 4050 
farget engaged in yards s a 60350 : 50x50 
Rowids fired: 26 26 
Rate of fire: Tim fired, 26 sec, Gun fire 20 seq, 
Time to fire all rounda ¢ 1] minutes 22 seconds 9 minutes 42 seaonds 
Direction of Sire; frontal frontal 
Acouracy of shoo ting: Vary good very good 

be rnc <* as 
Wind velocity: a vg miles per. hour 
Direction of wind, # . Hsinly West | 
Temporatiure s 
Dry oulbs 660% 
wet “ 4 61° : : 
Temerature of crounds 66°", Lo 
Euro: trie pressure; 2.05 inohes | 
Sxys blus : 
Roindfalls Mil. during exceriment &nd previous 
ms hours, ‘ 
Gonerél condi tons; 7 wv rable Sa 
Tims of day: 7150 perm > 
“171 «= 


Posi tion Eo. uber Number — 


On ground level 1b FF - 68 4 6 


At 4 £t. level 1y é #6: 5 es 70.6 
ene eeeee ee ee i 


Position Wo, Husber unbe Normal Peroant Per 
34 9 az i3 £6.25 61.7 
At 4 ft. lovel 46 4 s 9 25 43. 76 
a, fiieultar 


In @ series of field fasta which have been previously 
desc ibed, phoszens and chlorsisrin bave proved their superiority over 
chlorpicrin 60% - stanrio chloride 20% the results of the ebeve trial 
ere distinotly in favor or the latter mixturs, however. Ong such trial, 
Gos not, however, prove that in 6" Shelle {t is Generally speaxing mors 
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| Experiments to determine the persistency of lethal 
gases in dugouts. Comparison of persistency of phosgene and chlor= 
piorin, oe Bt aes 


@  Bathods 


fn 4" 4,1, Stoxes bombs, filled with A. (a mixtwe 
of phosgene and chlorplorin) and fitted with fow grams ophcrite 
boosters, and No, 8 dotonator sleoves, with eloctria igniters were 
placed in a trench, one mid-way between the two entrances to a deep 
Gagout, the other immediately opposite one of the entrances. Soth 
‘Dbanbs opened well and exploded simul taneously. 


b Hategrological Datar 


Wind velocitys 14 miles per houre 
Direction of winds Hor thwest. 
Yomperature. of airs ‘ 
wet bulb = 42.5 F. 
Gry “ = 44,6°F, 
fomperature of ground = 43°F, 
Sxy - Overcast. . 
Rainfall - Ril, during experiment, .11 inch durizmg 


previous 24 hours. 
Barometric presstre ~ 29.15 inches. 


Ce Hemuita: 


At 45 seconds after firing, the maximum of concentration 
of phosgene in the dugout was'1.55 m/l. At 1 minute and 20 seconds, 
the maximum concentration of.‘chlorpicrin in the dugout was 2.20 m/l. 

At 10 minutes, chlorpicrin was not longer present’ in quantitative amounts, 
at 50 minutes the lacirymtory atusosphore in the trench and at both en- 
trances to the dugout was noticed, In one hour and fifty minutes, an 
wmprotecstead observer could just enter both shaftae -;In 3 hours 20 
minutes, an unprotected observer went slmost to the bottom of both shafts 
before he lachrymated. Ha exoerionced severe lachrymition in the main 
chamber of the dugout. In 5 hours, 20 minutes, the dugout and-shafts 


Wero claar of chlorpicrin.e ‘ 
Ge Gonclusions: - 
| Then 4" Staces bombs, fAlled with BeGe burst in a trench 
near tae entrance to a dugout, high concentrations of ohlorpicrin may bo 


prodused in tie dugout Tae vapors of chlorpicrin persist in a 
eo zout 
for & period of about six how’se i 
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3. Kolls and Satler, 
PT. VIII~A ro To 


& eiscts 


fo note the comparative efrect of Slouds containing 
Cyanogen chloride and phosgene under the sam field condi tiens, 


be = Methods 


Arrengement of field = see GQlagrim in original roport, 
& Livens projectiles in a sot fired simi taneously, moved to side of fleld 


just before firing due to chamo in direction of wind, Fragmontation 
G00d in all but oms where thers was @ bad burst. 


Ge Hetecrologioa) Dotas 


Time of firing = 4:25 P.M, 
On range near 2400 yard line. 
Tim; = 4:30 Pu. 
Tomperature °F, 
surface of pround « 41.6 
altitude of 6 ft. - 43.0 
Relative humidity %- 63 
Bsromatria pressure, inches - £9,94 
Wind direction from = North Test 
Wind velocity, miles per hr. at alt. 6 Lt. = 4.3 
Sky = overcast with low strata « cumulus clondg 
movins H.rth West . : 
Ground = o00l and mdsrately ary = no rains for 
54 hours, slightly cooler than air above - 
a8 clouds settled drifted along surface of 
-" grownd. eo 


a #leld Resultss 


Concentrations of phosgens and Cyanogen chloride mixture in m./le total 


Distanae ¢ . , : “ares ¥ 12 | 
100 faet #5, 8594011155.61 1. 76.243,646.011 4573 nom 100 5S snomes £.64:0.15 


DO " 61,48 £2.12 20.0226. 06 ru0n8 $195 F1004582.0913J18 mons snone 10. 38 
600 "84, 2430. 2052. 32:0, O2slos t 84.5510. 1530.14 $04,006 snone snone: 3,41 
si . 


ee, 


a an axe ; when =n 


100 feet Time in seconds = 1d, 4, 34, and 54, 

ao " "oot ee - 41, 51, 61, and 61, 

600 " aes! ig ~ 82, 92, loz, and 122, 

900 # = 7s tt Hand pump - averaze 0.112for 10 minutes ~ bogan 
; : ; 122 seconds, 


~ 174 = 


« eee 


Mixture of phosgene and eyanggen. chloride gave 


™ pronounced iamediate effects of cyanegeR ehlorids @us to the amel} 
quantity.  Suall member of 3 layed deaths ae % ttle effect of phosgeng 


See tabulations on page 174, 


fhe eyanogen chloride in mixture did not produce 
pronounced effects, Byaptom mild in let TOW, 2 dogs and 1 guinea pig 
Qted on field, All Others showed atone of Soseing. 2na row « 
Severely gassed « 2 Goge died on field, Other rows » mila Casual ties, 


f- Sqmolusions, 


4 mixture of cyanogen Chloride and phosgene is not 
@8 good es an equal snout of either gas alons, os determinsd by comparing 
the abors test with tests of ths Pe genes, | 


= 
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ee et 


40. GOP. 2%. (3269) 


Report on expsFimants to dotermines peretstoncy of 2 
mixture of phosgene god ersedio trionloride mark l’aft-r liderstion from 
artiliery shelle 4.5" hovitsar shell, oontain:r type, filled with phos- 
Gonewarsenic trichloride mark 1.358 oo. OR 


S& Divots 


#6 determine under surfers and over surface persis tangy 
of C.BeR, Mare I, 


be Kothods 
artillery Data: 


Mumbor of howitsorsa - 43 rounds fired ~ 1003 
Rote of fire = BP 5B sec, to 8 SOCez 
Tims taxen to fire all rounds ~ @ minutes s0 seconds; 
Aocuracy = goody rounds 4= ef fsative erea ~ 90; 
fype ef shall ® steel containers burating ghanre - fwayl 6(b) 
Propellant chsree@ lst ballistite, fuse ~ #106; 
Blind ahell = 3; Map range ~ 2300 yards; 
bombardad arsza 140 = 60 yards. 


Ce =Foteorolozrios] Dates 


Tims 4200P i, 4:30 PLM, 
Barometer, inches 2 He 10 M10 
inermometer, wot bulb "SF | Me 
ory o ow 3 %.$8 
ground 8” Z8 
Wind direction “FT Wosy 
Valiosity, milos per hour & 3-8 
ay blua blu 
Rainfsil nil duriny experiment 


‘ena 2: hourg previ oug 
f 
a. Ag ool wisal Datars 
Observers wiable to datect phosg ene’ 4 to 6 minutes after. 
5 guinoa pigs exposed ~ no eifect. 4 guinea pigs tn, and one juat 
to leeward of each crater, we 
@. ~ Sonslusiokgs | 
Under surface and Ovcr surface porsistenmies oy phoszene 
Mesligible quantities, Ko samples taxen for analysis, 
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' (3348) 


dle Ge0.P. 219. (0.% Ce a9}. 


Report on firing trials of e5" east iron howl tser shell 
filled phosgene aad arsenic trichloride, — qd 


® Ohionts 
fo test value of O5.R Mark Il, as cospared with 0.B.R. 


Morr 1, 
ve  Mathods: 
Axktiliory Detsiiss 
Ho. of 4.8% howitzers z g z % 
fype of shell steal DD. east iron steel 
cont siner Merx X eontal ner 
borating onarge 0 th) -DDe(b)  aro(e) C(b kap(b) 
. : er. Or (a) 
Hap rome, yards 1709 17650 1750 1750 
Front engaged, yards 49 ' 40 a |) 40 
Bffective area, yarc- 40x30 — 40x 4)x30 40x 
Rounis fired &5 82 56 65 
Rounds in effective eto3 Re . pay Sé 
Rounds fras range table 4 ° oe 5? 
Rate of fire, Bj. B 500. BS sete 10 800. 5 seof 
fimg for to fire oll rounds § Tad. ie 40 BEG 5 be be @ min. 5 min, 
GO BOCs 10 B8Ce 190 980. 
Direstion of fire = frontal emnfijade “frontal frontal 
ascuracy of ghooting poar poor- good very good 
O Mo. of shell 593 3. 395 (395. 
an (394 ° 
- (295 | 
Propellant charge lst Balligsite lst ~~ ond ‘gna - 
Balligtite Ballistite Ballistite 
Fuse $106 106 = - 206 106 
Mind shell 0 Oo. o- “9 


§ 
wing to frequent changes in wind atractious. and consequent alteration of 
1ine it {6 4mpossible to souplete thede da ted lee 
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(rere rr 


peta Dso.1l,2917 Dede (ES, ASL -. , Dace 27,1927 Jan. 35,1918 
Mm of day $180 Poli S315 Pele . . 3890 PM, 8145 Poll 
Barg::e tar’, inches Weil KW.9F £9.98 29.98 
Thermometer wet bub 53. Bde Se 34. 6 
ary : BA. 33 tA. $5.26 
grounds 2Be 296 Sle Bie 
Wind direction Be & aWe Se Wmie Nee RE ow 
yolooity miles/now 4 ; Ste 3-9 4-2 
Bicy blue blue-oloudy piue-cloudy overcast 
Rein‘all at test nil nil nil nil 
Previous 2% hows trace nil nil *ra63 


a  Soricorories, azul tee. 


aa Bia 0d 9.081 OR BOR TRNAS 
Noe tPosition tNoeofs Gaqusliios __sParecntsgea 3 Remarks | 
or 8 sgoate: lead iniSereres SlightiDesdicevere 
trialt sysed 248 hrses Class 3 o1asst _ sgasual- 3 

8 t Q ‘ 6 ¢ “stles ands 


ey en Se eee eee Se a STETTSR ETT ae 


‘ln wenchs 208 8 6 Ge 2 48H 1 20 :0f 11 rats,10 died 
2” dugouts 21 os 1e 06 6 OF 100 sl rat which died 
3 s* open ats 4 ' $ a & 2 
160 yards : 5 1 @: 0s @€ 1£ 0390 :0f 4 rats, 1 died 
at 00 "2 53 Q 2 oO 3 $5 1 Oor9 7 5% Qf . 
ike Fa ae OC A SE ES EE ER te S died 
s* dngouts 13 1-2: 0 210- 2100 1 100t—i‘a ECA TES, 1 died 
s" open ati t aan $ ¢ Q- , 8 
2 +60 yards : 6&8 Qs $ 8&@ t O gs 69 :Gf Z2rats, & died 
sat 75 * 3s 43 oO: 0 34 1 O10 10f & ratsy & died 
e* yoo f 8s Bet vy: G42 + O: 0 30£ Brats, 2 died 
s a nm = oe - % = } x re : 
3 O ss « £8 & 2: Vt. rats, > died 
aot a Q “ ee :0f Ll rat, 9 dtod 
$ 5 
5 % 6 + O 8B ¢ Qt 202 5 rats, 2 died 
fas Fo "hs 43 Oo + 09 23 : 030 (402 4.ratc, 1 dled 
sat ico": 68 G + QO & & s Q 0 :Of Orata, O died 
$at Din 8 o~ § - $$ -~-= io :. =e rots i 
tin trench 7 ! 6 * 2 #2 ; 7% 3 & tof Trats, © died 
oe angen . «a 2 ' O 7? 0 8160 # 100 81 rat wich survived 
| en att $ 3 ; : $ ’ 
4 150 ds 3s 6&3 Ls! 0 s & 8201 10¢ & rata, O died 
sat 75 *s 43 oO: 2 824 : 0: & 10f 4 rats, 1 dtoed 
a tt ry 0 0 t 2 0 Of % ¢] t. 


% Sbsarvations on travel of slonds 

Bxrp, 1, 30 mimates after - 35500 yards from trenches, 

Ryp. 2 1700 yards —- test paper turned, 

Expe Se 8500 yards ~ detected by Oder and test paper. 

Bape 4. «= 800 yards - detected by odor and test paper 
(2 minutes after). 


Exporimewt 31 Dense white clout formed - Spread &.% 
at end of shoot. At 1200 yards - Surfricient phosgene present to tun test 
Paper yellow — strom odor te lachrymation.  4¢ 1400 yards « Unoro tec ted. 
men coughed violently for 18-8) minutes. | 


 Reperiment 2: Opaqua, dense eloud mowed @lowly from 
trenches, travelling 8.8. = visible 5 minutes efter shoot 1000 yards away. 
A ppol of or, 40 yards in diamster seen in desression 600 yards east of 
trenches, beerver 12 minutes efter end of shoot entered this pool. 
Sufficient phosgene present to irritate nostrils and Eve taste for 2-35 
hours. #& observers at dboundry of ground (1500 yards @ 1700 yards) 
from trenches = distinct dachr ymation - test paper turned yellow - tobacco 
reaction given, Glowd visible €0 minutes after shoot end uw to at least 
1000 yards beyond boundary Lendes- ; ; 


‘ExXoariment $: loud = 3.0. direction - visible for 
distanoe of SOO yards, limit for detection of phosgene 250 yards, 


Bmoorimant 4: Dense white cloud - moved north, Visible 
at £500 yards far 2 observers, 2800 yards for third obsarver, At ond af 
20 minutes, not detected by Odory just noflcsable by test paper. Portion 
cf cloud remained behind and hung stationary over gromd. (1400 yards 
from tranches ). At end of 26 minutea derge quantities of Phosgeng present, 

: . # 


é 


rod 
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Oonsentration of phosgene (no attempt Made to anal yee the stannfo chloride 


Present but total chlarides were calculated as phosgere). 
Position ime after burst Height above = Gongeptret ion, | 


ist shell when floor of trench g./liter Yolume of air 

@anple was taxen at which sample oe Gomalning 1 
Was taken Vol, phosgeng 
F both at Ff, 


a”. ? 
a Xy 


5 i 4) & 0 1.06 4270 
7] ee | | 4 254 8380 
42 id " Ld ” eB7 ¥940 
4 2 30 d " 5.71 $3 
8 " " " a 508 1470 
14 ad " ef a. 1.50 9020 
15 rf " 1 8 263 7190 
8 4 30 € 0 8.04 i490 
36. =COi«w ot uf w 4.265 1060 
a5 Ly " | Ld eid 23800 
6 " " 2 g 45.02 98 
iz " " bd " 0, 87 16900 
4 § 15 rs Q 0.48 94.350 
Y " . “ " 0.92 4920 
P| e 2 8 0422 20600 
16 . 7 " - 2.06 2200 
dugout (adore floor o¢ angout ), . < 


& Eiiente om éninsles 


ero casual ties 
td bg. Fs th L ¢ 


Concentrations obtained in case of CBee IL of same general 
order @a sverace concentrationg on al) phosgene taste with 4.5" hovitzers, 
4s regards lethal properties of Mare I and Mark II )~ nothing toa show which 
is more toxice In former Chse 24 goata in 21] have been Killed out of 60 
Used, in letter 15 out of 33 (40 and 423 respectively}, 


Ko marmed difrerence batween efficiency of Mare I 
and Mare Ii, - Ss 


Gritictam: 0.B.E. Mark I'and Mork II are phosgene 
arsenic trichloride mixtures, nk , 


- 
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42, 0.0.P. 4% (1679) 


Report on firing trial. ef 4.5" Howitser shell, contatnor 
type, filled ~ phossens and argenie trichloride. 


Se  Sbiaats 


& datermine muuber of shells filled 6.3.R. required 
in a given front. 


Ds 
Pime of day 3:40 Pod. 1033) BX” 6:00 P.M. 
Hilo, and type of guns used 2-4.5" hows. s-4f5" howe. 84.5" hows, 
ype of shell | wteel container steel .cont’r. steel .cont'r, 
Hap range, yards 1760 1760 . L760 
Front engaged, yards 40 46 49 
Rfreative ares, yards 40 by 3 40 by 3D 49 by 3 
Rounds fired §° 9) 50 
Rounds in effective araa gs 30 bas] 
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Os Commarigon of 6 + estas 
3 & 


| 
i 
} 


Noe of expe rksent pt 2 5 6 
Date Kebe2], 1917 Febe 21, 1917 Feb. 21, 1917 Mare 1, 1917 mmr. 1, 1917 Mri, 1917 
Sime of day 1 Pode & Pol. 4 Pee 10:30 Bele 860655 Poke B PeKe 
Baromter, inchea 23 «60 23 67 29 85 29.95 29092 29.91 
Thermometer, wet hulb 4.5 « 46e1 43 oh 40.8 41.46 41.6 
rt ary 456 47 & a4e 43. 43.7 45.7 
Wind direction Natal Hallekve Wel eWe Well eWe Reka worsens 
: velocity milos per hour 2 -4 1 2 9= 10 3 2 nil 
Sky overcast overcast evercast evercast overcast overcast 
Rainfall nil nil nil mil nil mil 
" previons 24 hours 0.12" 0.12" 0.11" trace trace trace 
Artillery Observations 
fy..e8 of shill container atee] steel steel steel steel atool 
Hoe of 4e5* howe ; 3 3 3 3, 3 | 
Map ronmge, yards 1750 1780 1750 1760 1750 1750 
Front engaged, yards 20 20 29 40 a ©) 40 
3420 of efveciive area, yds. 20K50 20x30 ZOXS) | 40230 40350 40x50 
' Yoeof rounds fired 25 25 s0 ~° £0 75 5 «|. 
& Rounds in ares 13 9 25 30 43 - 26 
S Rate of Mire Bai. 6 sce. 6 sec. 6 B00. B sec. BS soc. = § 5 8006 
Total time to fire nave ‘2 mineBS sece & minedE sede 7 MIReZ 8000 —— 5 mineSO sec 
Acaurasy of shooting good fair pocr “Very goed gooi . - good. 
Goats used 10 9 - = 7 18 .. 
Yoo dead in 40 hours. : s 3, ~ z 7 a 
Rabbite used  -\- ~~. e 9D a 8 14 7 20 “9 
Moe dead in 48 hours 3. ee i 2 z a a 
Rats used; diel 48 hours | 6/7 . 4/8 ~— aft ~ Bf 
Mice * 3 ™* * & — — — 7/7 9/9 Oe 7/7 
“ died, all animals 55 28 Maks Tel $0.0 62.4 = 100 


Romrke, Trial doe $ wind too high = trial no. 6 conditions 44eal. 


omen err pete tee ee ee ae ret - ee ae eee 


Rate of fire $8000 ® sec. B 800. 


fime taxon to fire all ramds 6 min, & seo. Y¥min, £ soc. 5 mine 3 sac. 
Wind velocity, miles per br, P15 — ? = inapprecitable 
Animals killed, percent 60, 100 


Liters of liquid from effest~- 
ivwo shell per yard of front 2 See he 
per minute QO.11 | 1B Gell 


&  Sanclusions. 


Bxperiment 1 compared with & and 5, shows that with a wind 
Varying betwoon 7 and 15 miles per how no effect is lixely te be prodused, 


In experiment 1, 12 goats were placed in the trench at adout 
S yerd intervals, wut none wore killed, 2 where direct hits were made wore 
erected, 1 having sovers respiratory distress for 4 days, 
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45. Kuhn, Richter, Lovenhart, barrell, Olayton, Webster, 


: Prolirinury pharmicologicel veport on fiold tazt. Hustaré 
Gan end Amirx sures. fost made iozust <1, 1918 tek 


Be Ob jnatt 


Toxicity on dors of pure mustard gas, orude mus tora FAI, 
purs muatrd gas plts 158 phoscene, ani pure muatrdé gas plus 152 ohlor- 
benzol ,when exploded from Y5~ma shells. 

Purity of pure mustard -— 96.09%, of crude mustard 86, 715%. 


be «© Hathods 


Four fields used - ficlds lying perpendicular to wind 

direstion. 
toysty-fou 75 me gas shells in each group; 6 tows af 4 
Shells eachy xows 40 f9et long and 4 feet apart--nsiell banks LEO fect 
eperf~, Eeoh grovp fired in banks of «4 shell each, Sell lata en ground 
With their noses inclined slightly downward. Intorval detwoon firine 
of each group ~ 10 seccnis, é 

dnimales = 20 dogs in front af each ghel) bank; 5 rows, 
& digs each—each Bow 60 feet Long, 13.7ft apartdoge fastened by 3-ft 
@iains. Front row-20 fest from front lim of shell. Hesr rore%S fect 
from front ling of shell. 

Poriod of exposure = 10 A.M. to 1 P.M. 


All shel? f2lled to 7/6 vol. (415 60.) = fitted with 
regular Barx IY loadad boosters and adorterde 


GC. Entesroloctenl Patar - 


f 
Weather <- oles?, warm aun 1 
Wind = 4 miles per hour at firing, ave. & mie/hre for 1 hr. 
Temp. = dir G1L°F., ground 89°F., wet bulb 69°, 
felctive aurtdity = 543. 
Pressure = 30.98 inoves, Bhs 


Sampling tntervals = 1, 2, 3, 4, & mi tte from front row to bak, 


t 
‘ + 
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el10 412 212 elZ 2.08 12 018 6.28 «(6M ell ,i2 
098 609 87% 612 eoi2 409 047 «12 414 ell oF e077 
eli 097 06 eiS olG we 210 014 018 eiZ Ppt. mp 8: 
095 08 .09 008 .08 18 ell .09 07 «1b Pie y) 209 
208 .06 .06 019 487 .08 010 elk 407 old el2 .10 
Fragnentation = . 


Pure mustard - 6 poor, 18 good 
Grade mustard - 5 fatled, 11 poor, & good 
Mustard plus 15% phosgene ~ 2 failed, 14 poor, 6 good 
Mustard plus 15% chlorbensena = 15 poor, 11 good, | 


Died 69 how's Died 21 hours Died 18 hours — Died 22 hours 

Died 35 * Died 21 " Died 5 severe ee 

Died 46 # Bsoaped =. Died & dys meee ne 

Died 456 * Died 81/2 days Died % " 

Med 7 deys oe omen Died 19 days 
f. Sumarys 


1, %% date the morterity on each group is; 


pure mustard plus phoscene =~. , a 
Pure mustard : - . 55%, 
Pure sustard plus chlorbengans ~ 30% 
Crude mustard - 4075 


& During exposure animals exposed to sustard and phossens wera mare 
depressed thon taose of other Groupse _ + a 
ae fexnixture groups shoxing earliest deathg « rank 
lst. 2hoagene and mstsrd, 5 deaths in 48 héurs. 
sad, Chiorbenzene and mustard, 3 deaths in 48 hour. 
3d. Crude mustard, 1 death in 48 hours. : 
4th, Pure mistard, no deaths in 48 houra, . | 
4, Lov mortality with crnde mustard partly dua to poor fragmantstion 
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44. Kuhn and Kolls. 
. PLT. VIL I~s287, me 


& Objoots 


Comparison of the teticity ef (1) pure muatra (2) ornde 
mustard, (3) pure mustard oontainine 15% af phosgene and (4) pare 
mustard containing 15% chiorbensene, when used as fillers.in 75 om, 
shell fired Stastoally wider field conditions, Sept. 16, 1919, 


b Method, 


2, Sell danks = 24 shel) eaah, ling porpendicular 
to wind = 180 feet apart, : | 


2 Shell fillings ~ 1/8 vol. = 425 eo. af filled. 
Marx IV booster ~ HX gulle TeHe Ts, 10 gms. tetryl. 


Field A= pure mustard with 15% chlorbensene 
e Be pure mustara With 15% phosgene 
- G~ ortde matara (63% pare) 
¥ D-«- pure musterd (96, 25% pure } 


7” 


5. Location of shell, 


(a) 2 shell in eson field, 

{b) 6 rows, 4 shell each, 

(c} Distance of row = & r¢, sper t-fron 
e20h group -40 feat ° 

(a) Position af shel) « nose inclined slightly 

 Cowrsrar d a, oy 

(ay Order of firine } gach group fired banicg 
Of 4 shell at 10 sac, Lntervale: correg- 
pouding banks in each group ware fired 
Bimmil tanscusl ys 


4, Loantion of animats,; 


| ™ doze in front of each grou of shell = 
5 rows, 4 docs in each row, rows 135 ft. apart, distanos from lime of 
shell to front row z0 ft, Pear row 75 ft, a | 


A 


5e Exrvosure: ae 


a) Roricity test — 11315 Ai, to $315 Pou, 

b) Porsistenes, in position 1 and 4 of tne 
first Yow 4:33 Pe to 103% Pel, 

(c) Persistenoe, in positions 2 ang 3 of the 
first row 23 hrs, efter firins = 
29:15 2.2% to 4:15 Pix, 
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Voathex = mild, warn day, light clopds 
Wind ~ 561 mtles per how st time of firing 
6.8 miles per hour, aV@e Velocity for 1 hr.atter 


Tamerature ~ air = 79°, 
ground - 80.6 °F, 
wet bulb = 66,.2°F, 
Relative Eusidity ~ 58% 
Pressure - 29.67 incheg 
Direction of Wind ~ | 
Rime of firing = right angles to field 
10 Min, later = voared to left 
during first hour = varied between right angles and 
left inelination, 
Probably accounts for more dsaths in left ef field, 


Lemyth of CxpOsure, hours a: 6 6 & 
Time after firing shell hows § 6 ogg 23 
Position of dogs d~l — ig doz 2 Jeg 


| 


Pure mustard and phosgene = 153 deaths, 2 aev. 4 light casuzl ties 
# " Ghlorbenzene = 15 ",5 " 2 w " 
Grude =? w-15 deaths, 5 light Oasucl ties - ~ 

Mie musterd = 12 deaths, 1 sovere, 5 light eaagual ties 


(4) mre of éaath, 
ne agate non 


Cruds and nw _ er} +3 : 
by adntxtures. pire misterd, seriier deaths than produced 
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AE ONT AS pre sar~ s- s 


| | 
re nc nna nenenennenineennsentenneentenneent eee r- |, ; 
‘Lime of death she sense Pure muse | — Pure 


43 hours F. 3 6 4 

a & 3 9 8 

144 * 5 § ane © ] 

le 1 2 - 1s 11 : 

3 weeks 15 12 Bry 22 
@  Ooolugionss 


2. Frou standpcint of toxicity. 


{a} Little difference between crude mustard 
and pure mustard and chlorbensenee . 

{b) Little difrerence detwoen pure mustard end 
pre mustard and phosgene. 

(a) Gude musterd prediminates slightly over 
pure mur tard, | 


& From total naaber casualties ~ rank 
lst. Pure musterd plus 18% chlorbensane 
Crude mustard 
Sed. Pure mustard plus 18% phosgene 
4th. Pure mustard 


Se 406s From standpoint of parsiatense 


{a} Six hours after firing of shells ~ rank 
let. Pure mustard plus 157 chlor benzene 
; 2nd. Grads Mustard 
« xd. Pure nus tard. plos 15% phosgene 
4th, Pure mustard, 


(bv) Tyenty-three hows after Zirin: of ghell -rank 
ist. Chlorbdensene admixture 
End. Crude mustard ’ 
Sra, Pure mugs tard 
4th. faoegors admixture (rapid drop in 
conosntration). : 
§ 


a 
‘ 4 
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45e Kolls avd Kuhn. 
Bee XX¥III-90O, | 


foricity on dogs of re aarbdon monoxide and 50% phosgena. 


& Objects 


go determine effects on doge of a 91504 consisting ne 
50/60 mixtwre aarbon monoxide and phosgene from oylinders. 


be 8=6athoc. 


S) lb. mixture of gas from each ef 2 sylinders - 20 feet 
aparte 
Length of exposure - 3) min. emalty exposed to gas about 
£ wdinutes. He de Ke } 
Position of dogs: 
le Five dogs, aD Lte intervals, 0 ft. from cylimers 
2 Seven docs, 2 Lt. " 200 «(8 m " 
& Six dogs, 50 ft. , 4,200 #  & 


O%  Jisoussions » 
2. ime for complste discharce of sylinders 
{a) Jeft-iming (b) Right - 2 min 
ze Vind 
(a) Direstion ~ right anrles to field 
(vo) Volocity ~ ¥ to 8 miles per hour. 


Q&  Rasuites 


l First ror, = - 
Al] Ehowed éenression, oimgmetivitis, laginymati on, 


+ 32 


‘ 


dypsndeae 
Cents: acy and ons left of oenter: 
(a) imediate vou ting 
(b} d@uath within 24 hours. 
Rs Second Pravs 
Five central dorsi lachrigention, siicht dypsnoea, 
depression. 


Smi docs matfectod. 
41) normt in 48 Hour se 

a Muird rows 
Creo aentral 2oges le chr yous tion 
Bnd dogs: wefreated : 
&il norzel in 48 hours, 


2 Effect of mixture less than equal smount of 
either. arsine or phosgene on dogs Under similar condt tions. 


2 Area of lethal concentration. | 
40 fect from cylinders along center line 
20 Leet to lefts 


uA 
» 
a . 
~ % 
y "4 
” 
a f 
k 
q 
? 
§ 
‘ 
" 
. a 
sg. 
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= 4 * 24 Fas Pe 
SSS ee . 
aA ‘ : . 


ey Bruce’, es 3 sOnS SRO © a od Kollse 
ie m abaore. | 


& Objects 


T dstermine toxial ty of a 56-50 mixture of phosgene and 
chlorine when used in the mobile gas unit, wider field conditions. 


be 8=©6. Hahods and Dotaiiss. 


Tro cylinders, 3) lhe. each, of the mixture used. Animels 
and cylinders arranred as ia diagram in original Feport. Ting of 
exposure BO. minutes. 

fagunt = gas discharged tom cylinder I= B lbs. 

«“ TIe @ #*# 
tine = “ei asheres alia sila I.- 55 seconds .comlete 


" 1 = 85 seconds with nozzle, 
m) seconds ica ~ . ~ a 


Hote: Approximately .%5% of total amount of toxic material was discharged 
in the B68 seoond period. 


# 
» 


c  Kateorologtihel Datas 


Wing - 7 = 6 miles per hour. 
Tenperatwe of air - 61 F, 
" " ground = 56.4°?, 
Barometer ~ 29.75 inches 
Relative humidity =- 42.5% 
Olear, bright sunshine. 


a aoa eae ‘. rr neeae -e ayes 1 pea ee eae ae 0, 28 . 3 250" io. 3,00 > é.. F 
oe a O.0F 
2 — cae 0.00 
oe wl 5 b 0.10. - 
oe 4 0.00: 3 
ee aie ae NTE | TONNE R100) 80 °\~! LY: |< ee re SE 
4 326. Bb, 3 12,70) | 
oe & Se B2! 
ae 5 8 Gre 0.09 
Oe sae 5b 1.86 
ae 5 é 4.57 


5.07 


a 


3 


A 


0.00 


wv a 


6.60 


4a 


0. 06 


ga 


® 
fly 


0.00 
0.00 


6.2. en 


~ 


3 nd 


0.00 


ao 
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DEPARTMENT OF THE ARMY 
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND 
EDGEWOOD CHEMICAL BIOLOGICAL CENTER 
5183 BLACKHAWK ROAD 
ABERDEEN PROVING GROUND, MD 21010-5424 


REPLY TO 
ATTENTION OF 


RDCB-DPC-RS : | 15 October 2015 
MEMORANDUM THRU Director, Edgewood Chemical Biological Center, RDCB-D/Dr. 

Joseph Corriveau), 5183 Blackhawk Road, Aberdeen Proving Ground, Maryland 21010-5424 

FOR Defense Technical Information Center, 8725 John J. Kingman Road, Ft Belvoir, VA 22060 
SUBJECT: Internal Request for Change in Distribution 

1. This action is in response to an Edgewood Chemical Biological Center (ECBC) Internal 

Request for a Change in Distribution for the following documents as listed in attachment. 

2. The listed documents have been reviewed by ECBC Subject Matter Experts and deemed 

suitable for the change in distribution to read “Approved for public release; distribution 


unlimited.” 


3. The point of contact is Adana Eilo, ECBC Security Specialist, (410) 436-2063 or 
adana.|.ecilo.civ@mail.mil. 


Encl NALD L. STAFFORD Yf [ 


Security Manager 
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